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V/STOL  Test  Force  from  the  Air 
Force  Flight  Test  Center  (AFFTC) , 
Edwards  Air  Force  Base,  California. 
The  testr  were  conducted  from  17 
March  to  29  April  1965  under  the 
authority  of  Program  Structure 
478A  and  Project  Directive  62-45. 

This  report  contains  no 
classified  information  extracted 
from  other  classified  documents. 
Foreign  announcement  and  dissemi¬ 
nation  by  the  Defense  Documer tation 
Center  is  not  authorized  because 
of  technology  restrictions  of  the 
U.  S.  Export  Control  Acts  as 
implemented  by  AFR  400-10. 
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AFFTC/FTTEE- 4 
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AFFTC/FTTV 

Systems 
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A  S-hour  52-minute  limited 
performance,  stability  and  control, 
and  systems  evaluation  of  the 
XC-142A  V/STOL  transport  was  made 
at  the  contractor's  Dallas,  Texas, 
facility  by  the  Tri-Service  V/STOL 
Test  Force  from  Edwards  Air  Force 
Base,  California.  The  tests  were 
made  to  define  the  aircraft's  capa¬ 
bilities,  problems,  and  to  deter¬ 
mine  its  readiness  for  Category  II 
testing.  Stability  Augmentation 
System  (SAS)  ON  V/STOL  operations 
were  safe,  straightforward,  and 
easy  for  the  pilot  to  accomplish; 
SAS  OFF  required  more  pilot  atten¬ 
tion  and  proficiency,  but  was 
acceptable  for  emergency  operation. 
The  thrust  in  hover  was  about  12 
percent  less  than  predicted,  which 
limited  the  VTOL  and  hover  perfor¬ 
mance.  A  conversion  or  reconver¬ 
sion  could  be  made  when  enough 
power  was  available  to  safely 
hover.  STOL  performance  was  not 
as  good  as  predicted.  At  41  300 
pounds,  the  heaviest  weight  tested, 
takeoff  distance  over  a  50-foot 
obstacle  was  500  feet.  Landing 
distance  over  a  50-foot  obstacle 
was  860  feet,  which  was  too  long 
for  an  aircraft  of  this  type  and 
was  not  compatible  with  the  short 
takeoff  distances.  At  the  lightest 


weight  tested  of  34  340  pounds, 
the  XC-142A  did  not  meet  the  short 
landing  criteria  of  500  feet  total 
distance  over  a  50-foot  obstacle. 
Cruise  performance  was  about  11 
percent  less  than  predicted.  The 
only  potential  tilt-wing  concept 
limit  was  a  severe  stability  and 
control  deterioration  near  the 
ground  at  wing  angles  between  40 
and  80  degrees.  This  did  not  re¬ 
strict  conversions  or  reconversions 
above  25  feet.  Most  of  the  de¬ 
ficiencies  were  with  the  systems 
which  were  not  sufficiently  tested 
before  installation  due  to  the 
limited  funds  available.  The  novel 
and  critical  systems  (i.e.,  flight 
control  system,  gearboxes,  cross¬ 
shafting,  wing  tilt,  etc.)  were 
more  thoroughly  tested  before  in¬ 
stallation  and  gave  little  trouble. 
Three  safety  of  flight  deficiencies 
were  found,  plus  many  other  de¬ 
ficiencies  which  would  hamper  the 
Category  II  tests  if  not  corrected. 
With  the  correction  of  the  "A"  and 
"B"  deficiencies  listed  in  the 
Conclusions  and  Recommendations 
section  of  this  report,  the  XC-142A 
would  be  ready  for  Category  II. 

The  XC-142A  was  not  ready  for  pro¬ 
duction.  Many  deficiencies  were 
identified  which  should  be  corrected 
for  a  production  C-142  aircraft. 


Table  of  Contents 


LIST  OF  ILLUSTRATIONS _ Vi 

LIST  OF  TABLES _ yi 

LIST  OF  ABBREVIATIONS,  SYMBOLS, 

AND  DEFINITIONS _ vii 

INTRODUCTION _ 1 

General _ 1 

Aircraft  Description _ 2 

TEST  AND  EVALUATION. _ 4 

Ground  Operations _ 4 

Towing _ A 

Entry  and  Loading _ 4 

Cockpit  Evaluation _ 4 

Engine  Starting _ _ 8 

Taxiing _ _ 9 

Performance  and  Handling  Qualities  Tests _ g 

Vertical  Takeoff  and  Conversion _ g 

Hover _ 11 

Short  Takeoffs _ 13 

Climbs _ 15 

Level  Flight _ 15 

Descents _ 18 

Landing  Approach _ 19 

Reconversion  and  Vertical  Landing _ 20 

Short  Landings. _ .  20 

Stability  and  Control  Tests _ 23 

Control  System  Friction  and  Breakout  Forces _ _  23 

Longitudinal  Trim  Changes _ 24 

Static  Longitudinal  Stability _ _ 24 

Dynamic  Longitudinal  Stability _ 24 

Longitudinal  Feel  and  Trim  System _ 24 

Maneuvering  Flight _ 25 

Dii.ctional  Stability  in  Cruise _ 25 

Lateral  Control _ _ 25 

Stall  Approaches _ 26 

Flight  Test  Instrumentation _ 27 

Airspeed  Calibration _ 27 

Emergency  Operations _ 27 

Gearbox  or  Propeller  Failure _ 27 

Governor  Failure _ 28 

Engine  Failure _ 28 

SASOFF  Operation _ 28 

Systems  Evaluation _ 29 

Airframe _ _ 29 

Propulsion _ 32 

Power  Transmission  and  Propellers _ 36 


Fuel  System. _ 38 

Electrical  System _ 38 

Hydraulic  System _ 40 

Heating  and  Ventilating  System. _ 42 

Avionics _ 43 

Auxiliary  Power  Unit _ 44 

Flight  Controls  and  Stabilization  Systems _ 44 

Ice  Protection _ 45 

Instruments _ 45 

Personnel  Subsystems  Test  and  Evaluation _ 46 

Manuals _ 46 

Static  Electricity. _ 46 

Noise _ 46 

Temperature _ 50 

Wind  Blast. _ 50 

CONCLUSIONS  AND  RECOMMENDATIONS _ 51 

General _ 52 

Safety  of  Flight  Deficiencies _ 51 

Flight  Restrictions _ 52 

Performance  and  Stability  and  control 

(Handling  Qualities) _ 53 

Systems  Evaluation _ 56 

Airframe _ 56 

Cockpit. _ 56 

Engines _ 59 

Power  Transmission  System _ 60 

Propellers _ 60 

Fuel  System _ 61 

Electrical  System _ 61 

Hydraulic  System.. _ 62 

Landing  Gear _ 63 

Heating  System _ 64 

Avionics _ 64 

Auxiliary  Power  Unit _ _ 65 

Flight  Controls _ 65 

Ice  Protection _ 66 

Personnel  Subsystems  Test  and  Evaluation _ 66 

Propeller  Wind  Blast _ 66 

Noise _ 66 

Crew  Comfort _ 66 

Static  Electricity _ 67 

Manuals _ 67 

APPENDIX  I  .Data  Analysis  Methods  and  Plots _ 67 

APPENDIX  II. General  Aircraft  Information _ 102 

APPENDIX  III  Test  Data  Corrected  for  instrument  Error  105 
REFERENCES. _ .119 


V 


LIST  OF  ILLUSTRATIONS 


Figure  Page 


1  Major  Aircraft  Dimensions _ _  3 

2  Estimated  Descent  Boundary _ . _ .19 

3  Sound  Pressure  Levels _ _ _ _48 

4  Danger  Areas  -  Noise - 48 

APPENDIX  I  PLOTS 

1  Hover  Performance _ 67 

2  Takeoff  Performance - - - 70 

3  Takeoff  Over  50  ft  Obstacle _ 71 

4  Climb  Performance _ 72 

5  Climb  Potential _ _73 

6-9  Specific  P.ange _ 74-77 

10  Shpiw  vs  V.w - 78 

11  Landing  Performance - 79 

12  Landing  over  50  ft  Obstacle - — 80 

13  Airspeed  Calibration _ — 81 

14  Rudder  Pedal  Position  vs  Force _ 82 

15  Directional  Controllability - 83 

16  Control  Positions  in  Sideward  night - 84 

17  Control  Position  in  Rearward  Flight - 85 

18  Static  Directional  Stability _ _  86 

19  Static  Longitudinal  Stability _ 87 

20  Maneuvering  Flight _ —  88 

21  35°/30°  Takeoff _ 89 

22  35°/60°  Landing _  90 

23  20°/30°  Landing _ 91 

24  45°/60°  Landing _ 92 

25  Power  On  Stall  -  0°/0? _ 93 

26  Power  On  Stall  -  14°/30° _ 94 

27-28  Conversion _ 95-96 

29-30  Reconversion _ .97-98 

31  Hover _ — -99 

LIST  OF  TABLES 

Table  Page 


I  Hover  Directional  Response - 11 

II  Four-Engine  Hover  Ceiling  Performance _ 12 

III  Takeoff  Performance  Comparison _ _ —  14 

IV  Four-Engine  Maximum  Power  Climb  Performance  Summary - 17 

V  Speed  Power  Test  Conditions _  17 

VI  Cruise  Test  Performance  Summary _ 17 

VII  Landing  Performance  Comparison - 21 

VIII  Control  System  Friction  and  Breakout  Forces - 23 

IX  Longitudinal  Trim  Changes  for  Landing  Gear  Extension 

at  Constant  Altitude - 24 

X  Stall  Approach  Summary _ . _ 26 

XI  Rapid  Throttle  Transients _ 32 

XII  XC-142  Windmilling  Engine  Data - —  33 

XIII  XC-142A  USAF  S/N  62-5923  T64-GE-1  Airstarts - 34 

XIV  XC-142A  STOL  Sound  Levels _ 49 

XV  XC-142A  J.n-Flight  Cargo  Compartment  Sound  Levels - 49 

XVI  Contractor  Noise  Recording - . - 50 

XVII  Cooper  Ratings - 60 


LIST  OF  ABBREVIATIONS, 
SYMBOLS,  AND  DEFINITIONS 


Symbol 

ac 

AFFTC 

AFR 

AFSCM 

AGARD 

AGE 

APU 

ARTO 

ASG 

beta 

Btu 

C 

CA 


CAS 

eg 

Conversion 

Speed 

CP 

CR 


Definition 


alternating  current 

Air  Force  Flight  Test  Center 

Air  Force  Regulation 

Air  Force  Systems  Command  Manual 

Advisory  Group  for  Aexonautical 
Research  and  Development 

aerospace  ground  equipment 

auxiliary  power  unit 

air  run  takeoff  -  a  vertical  takeoff 
followed  immediately  by  initial  con¬ 
version  at  minimum  useable  terrain 
clearance  height 

Aeronautical  Standards  Group 

propeller  blade  pitch  angle 

British  thermal  unit 

centigrade 

conversion  angle  -  the  angle  measured  from 
the  longitudinal  axis  of  the  aircraft  to 
some  meaningful  reference  in  the  lift 
mechanism.  This  angle  is  approximately 
90  degrees  in  hover  and  approximately 
zero  degrees  in  cruise.  (For  the  XC-142A 
a  conversion  angle  of  0/30  degrees  denotes 
a  wing  tilt  angle  of  zero  degrees  and  a 
flap  deflection  of  30  degrees.) 

calibrated  airspeed 

center  of  gravity 

The  optimum  airspeed  for  the  aircraft  to 
complete  transition  and  enter  conventional 
flight. 

power  coefficient 


Units 


knots 

percent  MGC 

dimensionless 


vii 


CSD 


Cooper  Rating 
constant  speed  drive 


db 

dc 

Deadman' s 
Zone 

deg 

dn 

EO 

F 

FM 

FOD 

fpm 

fps 

FSN 

ft 

FTDT 

FTTED 

FTTEE-4 

FTTOB 

FTTV 

fwd 

g 

HF-SSB 

HSD 

IFF 

IFR 


thrust  coefficient 
decibel 

direct  current 

The  combinations  of  airspeed  and  altitude 
near  the  ground  at  which  an  engine  failure 
would  cause  the  aircraft  to  contact  the 
ground  hard  enough  to  cause  structural 
damage. 

degree 

down 

engineering  order 
Fahrenheit 

frequency  modulation 
foreign  object  damage 
feet  per  minute 
feet  per  second 
Federal  Stock  Number 
feet 

Bioastronautics  Branch,  AFFTC 

Systems  Engineering  Division,  AFFTC 

Trainer  and  Miscellaneous  Branch,  Per¬ 
formance  Engineering  Division,  AFFTC 

Bomber-Transport  Operations  Division, 

AFFTC 

Tri-Service  Test  Force,  AFFTC 
forward 

gravitational  acceleration 

high  frequency-single  side  band 
Hamilton  Standard  Division 
identification  friend  or  foe 
instrument  flight  rules 


dimensionless 


32.2  feet  per 
second  per 
second 


viii 


I 


f 


ir 

E 


IGC 

integral  gearcase 

— 

ILS 

instrument  landing  system 

— 

KCAS 

knots  calibrated  airspeed 

knots 

KEAS 

knots  equivalent  airspeed 

knots 

KIAS 

knots  indicated  airspeed 

knots 

kt 

knot 

— 

KTAS 

knots  true  airspeed 

knots 

kva 

kilovolt-ampere 

— 

lat 

lateral 

— 

lb 

pound 

— 

long. 

longitudinal 

— 

It 

left 

— 

LTV 

Ling-Temco-Vought ,  Inc. 

— 

min 

minute 

— 

MGC 

mean  geometric  chord 

— 

Mod  Spec 

Model  Specification 

— 

MPP 

Military  pilot  participation  in  the 
contractor's  Category  I  test 

— 

NAMPP 

nautical  air  miles  per  pound  of  fuel 

nautical  miles 
per  pound 

NAMT 

nauuical  air  miles  traveled 

nautical  miles 

Nf 

free  turbine  speed 

rpm 

N 

9 

gas  generator  speed 

rpm 

m 

nautical  mile 

nautical  miles 

N 

P 

propeller  speed 

rpm 

OAT 

s 

standard  day  outside  air  temperature 

degrees  C 

OATfc 

test  day  outside  air  temperature 

degrees  C 

OB 

outboard 

i 


ix 


1  power  control  system 


PC-1 

PC-2 

pet 

PIO 

PITS 

PLF 

psi 

rpra 

rt 

SAS 

sec 

shp 

shPt 

shPcorr 


shp 


rw 


SL 

S/N 

SPO 

STOL 

STO/VC 


t.e. 


d. 


t.e.u. 


T.O. 


T/W 


NO. 

No.  2  power  control  system 
percent 

pilot  induced  oscillation 
propulsion  integrated  test  stand 

power  for  level  flight 
pounds  per  square  inch 
revolutions  per  minute 
right 

stability  augmentation  system 
second 

shaft  horsepower 

test  day  shaft  horsepower 

test  day  shaft  horsepower  corrected 
for  unstabilized  conditions 

generalized  shaft  horsepower 

sea  level 
serial  number 
Systems  Program  Office 
short  takeoff  and  landing 

short  takeoff  with  vertical  climbout  -  tbe 
operational  technique  of  using  a  short 
ground  run  before  takeeff  to  alleviate 
ground  effect  problems  and  a  vertical 
climb  to  clear  a  50  foot  obstacle. 

trailing  edge  down 

trailing  edge  up 

technical  order 

power  turbine  inlet  temperature 
thrust  to  weight  ratio 


horsepower 

horsepower 

horsepower 

horsepower 


degrees  C 


dimensionless 


UHF 

ultra  high  frequency 

UHT 

unit  horizontal  tail 

— 

USA 

United  States  Amy 

— 

USAF 

United  States  Air  Force 

— 

USN 

United  States  Navy 

— 

V 

c 

calibrated  airspeed 

knots 

Verti- 

circuit 

The  maneuver  which  consists  of  a  vertical 
takeoff,  transition,  retransition,  and 
a  vertical  landing. 

— 

VFR 

visual  flight  rules 

— 

VHF 

very  high  frequency 

— 

Vi 

indicated  airspeed 

knots 

Vic 

indicated  airspeed  corrected  for 
instrument  error 

knots 

Viw 

generalized  airspeed 

knots 

V 

max 

maximum  airspeed 

knots 

VOR/LOC 

VHF  cmnirange/localizer  ILS  Receiver 

— 

AV 

pc 

airspeed  position  error  correction 

knots 

Vt 

true  airspeed 

knots 

VTOL 

vertical  takeoff  and  landing 

— 

\ 

test  day  fuel  flow 

lb  per  hr 

Wc 

1corr 

test  day  fuel  flow  corrected  for 
unstabilized  concisions 

lb  per  hr 

Wiw 

standard  weight  for  generalized 
parameters 

pounds 

Wt 

test  day  gross  weight 

pounds 

W  ss&S? 


-,iL=J^^r!a^^^J^?few^^^^i<i_^Tr’»==  _  - 

-■■  •: '  S.33&SH%gm&i£*-4:'~2s--  :-; 


Bijgg 

IpS 


SM® 


.  ,  ,££&»  -*r-  - 

gfSar  ***■*■- ,-.  :<&*? 


WK&m 


INTRODUCTION 


GENERAL 

The  objectives  of  these  tests 
were  to  provide  an  early  military 
evaluation  of  the  XC-142A  vertical 
or  short  takeoff  and  landing 
(V/STOL)  transport  aircraft’s 
capabilities,  characteristics,  and 
problems;  and  to  determine  its 
readiness  for  Category  II  testing. 

The  tests  were  made  at  the 
Li ag-Temco- Vought  (LTV)  facility, 
Dallas,  Texas,  from  17  March  to 
20  April  1965,  by  a  Tri-Service 
test  team  of  engineers  and  pilots. 
There  were  19  flights  during  this 
period  for  a  total  flight  time  of 
9  hours  52  minutes,  of  which  7 
flights  were  made  with  an  all¬ 
military  crew  and  12  flights  were 
with  a  combined  military-contractor 
crew.  The  military  pilots  had 
also  monitored  and  participated  in 
contractor  flights  from  12  January 
1965, 


The  heaviest  weight  tested 
was  41  500  pounds.  Most  of  the 
military  tests  were  made  at  a  mid 
center  of  gravity  (eg) . 

Systems  testing  of  the  XC-142A 
was  restricted  to  that  which  could 
be  accomplished  in  conjunction 
with  the  performance  and  stability 
and  control  tests.  Many  systems 
were  not  evaluated  to  their  de¬ 
sign  limits  or  maximum  ranges ,  and 
failure  simulation  tests  were  not 
accomplished  because  operating 
envelope  limits  had  not  yet  been 
demonstrated  by  the  contractor. 

The  systems  evaluation  con- 
considered  the  following;  (1)  pe¬ 
culiarities  of  the  various  systems, 
(2)  problem  areas  which  were  out¬ 
standing  at  the  time  of  these 
tests,  (3)  problem  areas  which 
were  discovered  and  corrected  on 
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the  XC-142A  and  should  be  con¬ 
sidered  on  future  V/STOL  aircraft, 
(4)  a  limited  maintenance  evalu¬ 
ation,  and  (5)  design  features 
which  should  be  considered  if  a 
C-142  aircraft  is  produced. 

Persistent  systems  problems 
contributed  to  a  high  percentage 
of  maintenance  downtime  and  a  high 
abort  rate.  A  complete  reliability 
program  was  not  pursued  in  the  de¬ 
sign  of  the  XC-142A  due  to  the 
austere  nature  of  the  program. 


AIRCRAFT  DESCRIPTION 

The  XC-142A  was  a  4-engine 
tilt-wing  V/STOL  transport  de¬ 
signed  to  demonstrate  the  visual 
flight  rules  (VFR)  and  instrument 
flight  rules  (IFR)  operational 
capabilities  of  the  tilt-wing 
concept.  Normal  crew  consisted  of 
a  pilot  (right  seat)  and  copilot 
(left  seat)  ,  although  the  aircraft 
was  designed  for  safe  operation 
by  one  pilot  if  necessary.  Zero 
altitude-zero  speed  rocket-type 
ejection  seats  were  provided  for 
the  pilot  and  copilot.  The  XC-142A 
was  designed  to  carry  32  fully- 
equipped  combat  troops,  24  litter 
patients,  or  8000  pounds  of  cargo. 
The  aircraft  had  its  own  auxiliary 
power  unit  (APU)  for  hydraulic  and 
electrical  power  and  required  no 
ground  support  equipment. 

The  XC-142A  was  powered  by 
four  General  Electric  T64-GE-1 
free  turbine  turboprop  engines , 
each  rated  at  2850  shp,  mounted  in 
nacelles  on  the  wing.  The  engines 
drove  four  variable-pitch  fiber¬ 
glass  4-bladed  tractor  propellers 
and  a  3-bladed  fiberglass  tail 
propeller  through  an  interconnected 
gear  and  shaft  train.  Thus,  power 
was  available  to  turn  all  five 
propellers  when  one,  two,  or  three 
engines  were  shut  down.  The  tail 
propeller  rotated  in  a  horizontal 
plane  and  was  declutched  and  braked 
for  cruise  flight. 


The  major  aircraft  dimensions 
are  shown  in  figure  1« 

The  XC-142A  was  about  three-fourths 
the  size  of  a  C-123.  The  design 
empty  weight  was  23  926  pounds, 
the  desiqn  VTOL  weight  was  37  474 
pounds,  and  the  design  overload 
(STOL)  weight  was  43  700  pounds; 
design  eg  limits  were  15-percent 
mean  geometric  chord  (MGC)  to  28- 
percent  MGC  (reference  3) .  Integral 
fuselage  tanks  provided  1400  gallons 
of  usable  fuel.  Ferry  tanks  were 
not  provided  on  these  aircraft. 

The  wing  had  an  8.53  aspect  ratio, 
and  was  mounted  high  on  the  fuse¬ 
lage.  Except  for  the  center  por¬ 
tion  the  wing  was  completely 
immersed  in  the  propeller  slip¬ 
stream  for  stall  suppression  during 
transition  and  low-speed  flight. 

The  wing  could  be  tilted  through 
an  incidence  angle  of  98  degrees 
by  two  screw-jack  actuators  driven 
by  a  centrally  located  hydraulic 
motor.  Wing  tilt  was  controlled 
by  a  variable  rate  switch  on  each 
collective  lever  or  by  a  constant 
rate  switch  on  each  No.  4  throttle. 
The  wing  incorporated  full  span 
double-slotted  trailing  edge  flaps 
in  three  sections,  with  the  center 
and  outboard  sections  operated  also 
as  ailerons.  The  flaps  were  pro¬ 
gramed  automatically  with  wing 
tilt,  although  the  pilot  had  an 
override  capability.  Leading  edge 
slats  for  stall  suppression  were 
mounted  outboard  of  each  engine 
nacelle  and  operated  automatically 
as  a  function  of  flap  position. 

The  vertical  tail  consisted  of  a 
conventional  fin  and  rudder  arrange¬ 
ment  and  supported  the  slab-type 
unit  horizontal  tail  (UHT)  assembly. 

The  fully-powered  irreversible 
flight  control  system  had  artificial 
feel  forces  and  was  powered  by  dual 
independent  hydraulic  systems.  Dual 
cockpit  controls  were  provided; 
these  consisted  of  conventional 
rudder  pedals  and  control  sticks, 
plus  collective  levers  for  all 
takeoffs  and  landings.  The  collec¬ 
tive  levers  were  essentially  pro- 
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damping  system  in  roil,  pitch,  and 
yaw  was  a  dual  comparative  system 
which  automatically  drove  to 
neutral  if  the  two  channels  dis¬ 
agreed.  Single  channel  operation 
was  possible. 


TEST  AND  EVALUATION 


GROUND  OPERATIONS 

■  TOWING 

Towing  the  aircraft  presented 
no  problems.  There  were  no  turning 
limits  on  the  nose  gear  since  it 
could  be  rotated  360  decrees  while 
moving  the  aircraft.  A  iong  or 
short  universal  MD-1  tow  bar  could 
be  used;  however,  the  long  bar  was 
mandatory  for  clearance  while 
towing  aircraft  equipped  with  the 
test  nose  boom.  An  F-102  tow  bar 
with  an  adapter  could  also  be  used. 

■  ENTRY  AND  LOADING 

Normal  crew  entrance  was  by  a 
door  on  the  left  forward  portion 
of  the  fuselage.  A  3-step  stand 
was  usually  available  at  the 
factory  to  reach  the  40-inch-high 
cargo  compartment  personnel  en¬ 
trance.  There  were  no  current 
plans  for  self-contained,  portable, 
or  integral  steps  with  onboard 
storage.  Suitable  steps  should  be 
provided  on  production  aircraft. 

(D  36)1 

Cargo  or  troops  were  to  be 
handled  through  rear  doors  which 
operated  much  like  those  on  the 
C-130  to  provide  a  7-foot-hi-jh  by 
7  1/2-foot-wide  entrance  to  \he 
7-  by  7  1/2-  by  30-foot  cargo  com¬ 
partment.  These  doors  had  not 
been  cleared  to  be  opened  in 
flight.  They  should  be  operated 
in  flight  at  the  maximum  allowable 
speed  and  with  the  tail  propeller 
operating  before  the  end  of 
Category  I  testing.  (C  9) 

Hummers  indicated  os  (0  36).,  etc.  represent  the  corresponding 
recommendation  numbers  os  tabulated  in  the  Conclusions  and 
Recommendation  section  of  this  report. 
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Crash  landing-ditching  exit 
hatches  were  located  in  the  top  of 
the  fuselage  above  each  pilot  and 
at  the  forward  left  and  aft  right 
corners  of  the  cargo  compartment. 
Ladders  were  provided  to  reach  the 
overhead  hatches  in  the  cargo  com¬ 
partment.  An  alternate  bailout 
hatch  was  located  in  the  forward 
left  cargo  compartment  floor.  Pins 
to  prevent  the  overhead  hatches  in 
the  cargo  compartment  from  vibrating 
loose  in  flight  would  have  made 
egress  under  emergency  conditions 
doubtful  since  the  pins  had  to  be 
pulled  and  the  handle  actuated  to 
release  the  hatches.  This  con¬ 
dition  violated  Air  Force  Systems 
Command  Manual  (AFSCM)  80-1 
(C. 6-2 . 4 . 3. 3)  (reference  6)  and 
was  a  flight  safety  deficiency 
which  should  be  corrected  as  soon 
as  possible.  (A  1) 

■  COCKPIT  EVALUATION 

Two  steps  we.  .  provided  to 
gain  access  to  the  flight  deck 
from  the  cargo  compartment.  The 
pilot  and  copilot  were  supplied 
with  zero-zero  rocket  type 
ejection  seats  which  were  not 
scheduled  to  be  installed  in 
production  models.  Zero-zero 
ejection  seats  should  be  provided 
in  production  aircraft.  Normal 
pilot  ejection  was  to  be  through 
the  overhead  plexiglass  panels. 

Entry  and  egress  from  the  seats 
was  awkward  and  could  not  be 
accomplished  without  bumping  into 
cockpit  switches  or  controls.  The 
seat  had  an  electrically-actuated 
adjustment  for  vertical  movement, 
but  no  fore  and  aft  adjustment 
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was  possible  to  bring  the  pilot  to 
a  comfortable  position  in  relation 
to  the  aircraft  controls.  Fore 
and  aft  adjustment  should  be  pro¬ 
vided  in  production  aircraft  as 
recommended  in  AFSCM  80-1,  Volume 
III,  drawing  AD3.  The  rudder  pedal 
adjustment  was  adequate  and  rapid 
and  was  controlled  by  means  of  a 
twist  knob  on  the  rudder  pedal 
pedestal  between  the  rudders. 

(D  52,  D  53) 

Except  for  the  vertical  direc¬ 
tion,  ground  and  air  visibility  from 
the  cockpit  was  excellent  for  all 
modes  of  flight.  Vertical  visibility 
was  restricted  because  the  overhead 
plexiglass  had  been  painted  to 
minimize  the  "greenhouse"  heat 
buildup.  Overhead  visibility  was 
desirable  because  of  the  aircraft 
vertical  takeoff  capability  and 
should  be  provided  on  production 
models.  It  was  possible  that  glare 
and  reflection  problems  would  exist 
at  night  due  to  the  large  curved 
plexiglass  areas.  (D  34) 

A  swingout  jump  seat  for  the 
flight  mechanic  was  located  between 
and  slightly  aft  of  the  two  pilots. 
The  jump  seat  was  not  evaluated 
during  the  tests. 

A  total  torque  instrument,  not 
provided  on  the  test  aircraft,  was 
planned  for  the  Category  II  air¬ 
craft  instrument  panel.  This  was 
not  necessary  since  individual 
engine  torque  indicators  were  pro¬ 
vided.  The  wing-flap  position  in¬ 
dicator  had  been  moved  to  the  top 
of  the  instrument  panel  glare  shield 
and  a  flight  test  instrument  was 
substituted  for  the  production  in¬ 
strument  on  the  aircraft  commander's 
panel.  The  production  indicator 
had  wing  position  markings  every 
10  degrees  but  had  numerals  every 
40  degrees.  This  made  it  extremely 
difficult  to  correctly  position 
the  wing.  {D  43,  B  39) 

The  standby  compass  was 
located  on  a  bracket  in  the  center 


windshield  area.  The  compass 
blocked  an  unnecessary  amount  of 
forward  visibility  and  should  be 
moved  to  a  less  prominent  position. 
(D  42) 

The  landing  gear  handle  was 
located  at  the  lower  left  position 
on  the  right  instrument  panel  and 
was  not  accessible  to  the  copilot. 

It  should  be  relocated  or  duplicated 
to  permit  actuation  by  either  pilot 
while  his  shoulder  harness  is 
locked.  (D  51) 

The  engine  instruments  were 
grouped  in  the  center  panel  in  a 
normal  multiengine  fashion.  The 
engine  oil  pressure  gages  were  at 
the  bottom  of  the  center  nanel, 
but  the  gearbox  oil  pressure  and 
gearbox  and  engine  oil  temperature 
gages  were  on  the  overhead  panel 
and  were  difficult  to  read  because 
of  the  mounting  angle  and  aft 
location.  Pilots  considered  it 
desirable  to  have  dual  needle 
gearbox-engine  oil  pressure  gages 
and  similar  dual  needle  temperature 
gages  located  on  the  center  panel. 
This  arrangement  would  conform 
with  AFSCM  80-1  (C.2-1.3.3.J1  anri 
alleviate  the  problem  of  reading 
the  overhead  temperature  and  pres¬ 
sure  instruments.  The  emergency 
fire  T-handles  were  at  the  top  of 
the  center  panel.  The  APU  T-handle 
was  located  in  the  center  between 
the  T-handles  for  engines  No.  2 
and  3.  The  APU  handle  should  be 
changed  to  allow  immediate  physica. 
distinction  from  the  engine  fire 
handles.  (C  40,  D  49) 

The  center  pedestal  contained 
communications  and  navigation 
equipment,  SAS  controls,  caution 
annunciator  panel,  and  engine  con¬ 
trols  for  the  right  seat  pilot. 
Duolicate  throttles  and  rpm  control 
levers  were  located  on  the  left 
outboard  pedestal  for  the  copilot. 
The  propeller  governor  switch  was 
located  on  the  extreme  right  side 
of  the  center  pedestal  beyond  the 
copilot's  reach.  It  should  be  re- 
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located  or  dualized  to  permit 
actuation  by  either  pilot  with  his 
shoulder  harness  locked.  The  tail 
propeller  controls  were  located  on 
the  center  console  and  were  not 
acceptable  because  the  actuation 
of  tiie  controls  was  subject  to 
misinterpretation  or  actual  misuse. 
Misuse  could  cause  failure  and/or 
severe  damage  to  the  tail  propeller 
drive  system.  This  item  has  been 
under  study  by  the  contractor.  A 
simple  ON-OFF  control  for  tail 
propeller  engagement  and  disengage¬ 
ment  should  be  provided  for  pro¬ 
duction  aircraft  and  should  be 
evaluated  during  Categorv  I. 

(C  47,  C  69) 

The  emergency  hydraulic  sys¬ 
tem  switch  and  the  emergency  wing 
control  switches  were  located  side 
by  side  on  the  forward  portion  of 
the  overhead  panel,  while  the 
primary-secondary  wing  control 
switch  was  located  on  the  center 
pedestal.  This  created  confusion 
which  could  be  eliminated  by 
grouping  the  above  switches  cn  a 
wing  control  panel.  (C  46) 

The  separate  declutch  and 
feather  controls  on  the  overhead 
panels  were  undesirable  since  both 
controls  had  to  be  actuated  in 
proper  order,  first  the  declutch, 
then  '-he  feather  control ,  to 
feather  a  propeller.  This  two-step 
procedure  created  a  critical  time 
lapse  during  the  feathering  oper¬ 
ation.  Pilots  desired  the  sepa¬ 
rate  declutch  and  feather  controls, 
but  with  the  addition  of  an  auto¬ 
matic  declutch  in  the  feather  con¬ 
trol.  This  would  provide  automatic 
declutch  and  feather  capability 
with  the  actuation  of  a  single 
control  while  maintaining  the 
separate  declutch  action  needed  in 
propeller  trouble  analysis.  (D  79) 

The  two-sectioned  overhead 
panel  was  located  too  far  aft  and 
too  nearly  horizontal  for  good 
visibility.  The  overhead  panel 
should  be  inclined  more  and  shifted 


forward.  The  Chip-detector  wafer 
switch  was  located  on  the  aft  por¬ 
tion  of  the  overhead  panel  and 
could  not  be  reached  without  re¬ 
leasing  the  safety  belt  and  shoulder 
harness.  It  should  be  relocated 
for  easier  access  and  to  conform  to 
AFSCM  80-1  (C. 2-1. 3.1).  (D  44, 

D  50) 

A  green- jewel-type  oil  cooler 
door  position  light  illuminated 
when  the  number  two  oil  cooler  door 
was  open.  A  more  desirable  indi¬ 
cation  for  the  oil  cooler  doors 
would  be  a  warning  of  an  out-of¬ 
sequence  condition.  (D  84) 

The  battery’s  only  function 
was  to  start  the  aircraft  APU.  No 
electrical  power  was  available  on 
the  aircraft  for  intercommunication, 
emergency  signals,  or  lights  until 
the  APU  was  started.  Emergency 
lightinq,  intercom,  and  alarm  sys¬ 
tem  power  should  be  provided  by 
the  battery  as  orescribec  in  AFSC't 
80-1  (C .  6-2 . 4  .  l". 4 . 4 )  .  (b  74) 

Green  lights,  located  on  the 
overhead  pangl,  indicated  proper 
engine  oil  service  levels,  but 
were  deactivated  when  the  engine 
switches  were  turned  or..  No  indi¬ 
cation  of  lew  oil  levels  was 
available  during  flight.  The 
addition  of  oil  anc  hydraulic  fluid 
quantity  indicators  or  low  level 
warning  devices  in  the  cockpit  is 
desirable.  (D  62,  D  82) 

The  gearbox  oil  pressure 
caution  light  remained  on  with  a 
propeller  feathered.  This  pre¬ 
vented  monitoring  the  remaining 
operative  gearbox  oil  pressures 
and  should  be  changed.  (E  76) 

The  hydraulic  system  orien¬ 
tation  was  nor  satisfactory.  This 
problem  is  discussed  in  the  Hydrau¬ 
lic  System  section. 

The  wing  caution  light  was  on 
when  the  utility  hydraulic  control 
handle  was  in  the  ON/WINO  UNLOCKLD 
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position.  This  resulted  in  the 
caution  light  being  illuminated 
for  all  takeoffs  and  landings.  It 
should  be  modified  zo  eliminate 
the  warning  liqht  illumination 
durir.q  normal  oneratina  conditions. 
(C  75) 

No  provisions  had  been  made 
for  ashtrays,  map  cases,  letdown 
chart  holders,  pilot  footrests, 
thermos  jug  holders,  cun  holders, 
and  other  crew  comforts .  Though 
these  items  were  eliminated  by 
contractor  and  Systems  Program 
Office  (SPO)  agreement  to  reduce 
development  costs,  they  should  be 
^provided  in  oroduction  aircraft. 

(D  110) 

The  aircraft  was  equipped  with 
conventional  stick  ar.d  rudder  con¬ 
trols  and  a  helicopter-like 
collective  power  lever  which  was 
used  for  all  takeoffs  and  landings. 
The  collective  lever  head  contained 
a  stability  augmentation  system 
control  switch,  a  wing  tilt  control 
switch,  and  a  flap  override  switch 
which  were  all  thumb-operated.  The 
sense  of  th  ap  override  switch 
was  confusing  co  some  pilots  in 
that  an  upward  thumb  movement  ex¬ 
tended  and  a  downward  movement  re¬ 
tracted  them.  The  collective  lever 
also  had  a  finger-actuated  collec¬ 
tive  throttle  release  switch.  It 
was  used  during  landings  to  get 
below  the  flight  idle  collective 
gate,  and  ir.  cruise  flight  to  dis¬ 
connect  the  throttle  and  stow  the 
collective  lever.  During  STOL 
landings  it  was  necessary  to  raise 
the  collective  slightly  to  actuate 
the  switch  if  the  gate  was  reached 
without  having  first  pressed  the 
release.  This  delayed  attaining 
qround  idle  power  and  increased 
the  landing  ground  roll.  A  simple 
detent  or  increased  friction  force 
should  be  provided  instead  of  the 
gate.  (B  45) 

A  selective  "hot  mike"  fea¬ 
ture,  similar  to  the  AIC-18,  should 
be  provided  for  interphone  commu¬ 


nication.  The  majority  of  the 
navigation  equipment  could  not  be 
evaluated  since  it  had  been  re¬ 
moved  to  make  room  for  test  in¬ 
strumentation.  Communications 
problems  are  discussed  in  the 
Avionics  section.  (C  94,  D  95) 

No  provisions  were  made  for 
simulating  instrument  flight  con¬ 
ditions.  Some  equipment  will  be 
needed  for  an  IFR  evaluation  during 
Category  II  and  should  be  provided. 
(C  54) 

■  ENGINE  STARTING 

•  GENERAL 

Engine  starting  procedures 
for  the  XC-142A  were  good.  The 
start  was  accomplished  by  placing 
the  engine  master  switch  ON, 
activating  the  crank  and  ignition 
relays,  and  placing  the  throttle 
in  ground  idle.  Start  power  was 
provided  by  an  APU  in  the  right 
main  wheel  well.  The  APU  provided 
hydraulic  power  for  engine  cranking 
and  electrical  power  for  the  main 
ac  and  dc  ouses .  Battery  power 
was  available  only  for  starting  the 
APU.  At  62— percent  gas  generator 
speed  (Ng),  a  signal  transmitted 
from  the  engine  tachometer  termi¬ 
nated  the  automatic  start  functions. 
At  this  point,  the  starter  pump 
was  returned  to  pumping  operation 
and  provided  hydraulic  power  to 
the  related  aircrafr  power  control 
(PC)  system.  The  starting  circuit 
was  so  arranged  that  the  APU  could 
be  used  to  start  only  one  engine 
on  a  side.  Parallel  use  of  the 
operating  engine  hydraulic  pump 
was  used  in  starting  adjacent  en¬ 
gines.  Normal  starts  required 
from  35  to  70  seconds,  which  was 
too  long.  The  engine  starting 
times  should  be  reduced.  (D  57) 

•  ENGINE  HI  NI  P 

All  four  propellers  turned 
when  the  first  engine  was  started. 
The  area  f orward  of  the  propellers 
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and  under  the  wing  in  the  space 
where  the  propellers  and  wing 
rotate  had  to  be  kept  clear. 

Difficulties  were  experienced 
in  keeping  the  aircraft  stationary 
during  engine  operation  above  30- 
percent  torque .  The  parking  brakes 
held  but  the  engine  power  could 
skid  the  aircraft  across  the  sur¬ 
face  and  cause  flat  spots  on  the 
tires.  This  was  caused  by  the  high 
thrust  available  in  relation  to 
aircraft  weight  and  will  be  a  prob¬ 
lem  common  to  this  type  of  V/STOL 
aircraft.  The  aircraft  was  tied 
down  with  cables  during  high  power 
ground  checkout  operations . 

■  TAXIING 

The  lowest  recommended  wing- 
tilt  angle  for  taxi  was  10  deqrees. 
Small  bank  angles  could  cause  the 
outboard  propellers  to  strike  the 
ground  at  lower  wing  angles.  At 
zero  wing  angle ,  tne  outboard 
propeller  ground  clearance  was  only 
25  inches.  Taxiing  was  initiated 
by  releasing  the  parking  brake  and 
slightly  raising  the  collective 
lever.  Speed  was  controlled  by 
brakes  and  collective  lever. 

Adequate  power  was  available  for 
taxiing  with  the  engines  operating 
at  the  idle  setting  of  65-percent 
propeller  rpm.  Braking  was  pro¬ 
vided  through  hydraulic  boost 
pressure  from  the  utility  hydraulic 
system  which  was  modulated  through 
the  toe  brakes.  The  brakes  faded 
on  several  occasions  during  down¬ 
wind  or  down  slope  operation  and 
were  unsatisfactory.  The  brakes 
are  further  discussed  in  the  Short 
Landing  and  Hydraulic  System  sec¬ 
tions  .  The  braking  shou)  d  be 
improved.  (C  22) 

Directional  control  during  taxi 
was  provided  by  an  electrically- 
controlled  hydraulically-actuated 
nosewheel  which  was  steerable 
through  132  degrees.  The  nosewheel 
steering  operated  from  rudder  pedal 
movements  and  was  alternately  en¬ 


gaged  or  disengaged  by  pressing 
a  switch  on  the  control  stick.  A 
green  light  located  on  the  lower 
left  of  the  pilot's  panel  which 
indicated  nosewheel  steering 
ENGAGED  was  unnecessary.  The  cir¬ 
cuit  should  be  changed  to  provide 
nosewheel  steering  only  while  the 
switch  is  pressed.  Additional 
directional  control  was  provided 
at  normal  taxi  wing  angles  (10  to 
15  degrees)  by  differential  main 
propeller  beta  obtained  through 
the  rudder  pedal  deflections.  The 
nosewheel  steering  and  differential 
propeller  beta  combined  to  provide 
excellent  directional  control 
during  ground  operation.  At  10 
degrees  of  wing  angle  differential 
propeller  blade  angle  without  nose¬ 
wheel  steering  provided  satisfactory 
directional  control  for  all  taxi 
operations  except  tight  turns. 

(C  89) 


PERFORMANCE  AND  HANDLING 
QUALITIES  TESTS 

■  VERTICAL  TAKEOFF  AND  CONVERSION 

Vertical  takeoffs  were  made 
with  the  wing  tilted  85  to  90 
degrees.  Longitudinal  trim  re¬ 
quirements  were  reduced  by  tilting 
the  wing  slightly  off  the  vertical 
before  takeoff  to  hover  over  a  spot 
under  the  given  wind  conditions . 

In  the  VTOL  configuration,  longi¬ 
tudinal  (pitch)  control  was  achieved 
through  the  control  stick  by  varying 
the  tail  propeller  beta;  lateral 
(roll)  control  was  achieved  through 
the  control  stick  by  differentially 
varying  main  propeller  beta;  and 
directional  (yaw)  control  was 
achieved  through  the  rudder  pedals 
by  differentially  deflecting  the 
ailerons  which  were  in  the  pro¬ 
peller  slipstream.  The  collective 
lever  was  essentially  a  main  pro¬ 
peller  beta  and  engine  power  con¬ 
trol  and  was  used  to  control  height 
through  power  and  thrust. 
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With  smooth  collective  appli¬ 
cation  the  aircraft  became  airborne 
with  no  apparent  instabilities  or 
abrupt  changes  in  power  required. 

The  height  control  was  good  when 
sufficient  excess  engine  power  was 
available  and  was  given  a  Cooper 
Rating  of  2  (CR  2)  (see  table  XVII, 
appendix  I) .  A  discussion  of  power 
available  in  the  vertical  mode  is 
in  the  Hover  section. 

The  climb  into  hover  was 
smooth,  positive,  and  stable,  and 
required  only  miner  control  motions 
in  stable  air  to  easily  maintain  a 
precise  position  over  the  ground 
(CR  2).  Good  control  was  present 
in  pitch,  roll,  and  yaw.  Stick  and 
collective  forces  during  hover  and 
conversion  were  good  (CR  2)  but  the 
rudder  forces  were  too  heavy  and 
were  not  harmonious  with  the  other 
control  forces  (CR  4) .  These 
forces  were  much  too  high  for  these 
configurations  and  should  be  re¬ 
duced  by  50  percent  and  reevaluated. 
The  directional  control  force 
gradients  are  presented  in  figure 
14,  appendix  I.  This  plot  also 
shows  that  the  VTOL,  STOL,  and 
hover  configuration  directional 
force  gradients  were  about  4  times 
the  maximum  recommended  by  AGARC 
408  and  MIL-H-8501A.  (C  .15) 

After  lift-off  the  aircraft 
was  either  stabilized  at  some  alti¬ 
tude  for  hover  or  was  climbed  to 
approximately  50  feet  for  conver¬ 
sion  to  f orward  flight.  The  con¬ 
version  maneuver  was  very  easy  to 
accomplish  and  could  be  initiated 
from  a  hover  or  climb  (CR  2).  To 
make  the  conversion,  the  wing  was 
lowered  by  actuating  the  wing  con¬ 
trol  switch  either  incrementally 
or  at  a  constant  rate;  the  latter 
method  resulted  in  a  much  smoother 
conversion.  The  angle  of  climbout 
could  be  controlled  by  management 
of  power  and  wing  rate.  A  slight 
reduction  in  power  was  necessary 
to  make  a  level  conversion.  Once 
the  wing  travel  was  started,  the 
aircraft  was  maintained  in  a  fuse¬ 


lage  level  attitude  with  negligible 
trim  changes  and  acceleration  was 
good.  With  constant  maximum  rate 
of  wing  movement,  the  acceleration 
from  hover  to  approximately  140 
knots  was  achieved  in  less  than  12 
seconds.  When  a  conversion  was 
started  from  a  hover  with  no  in¬ 
crease  in  power  the  aircraft  imme¬ 
diately  started  climbing.  This 
indicated  that  a  conversion  could 
be  made  whenever  there  was  suffi¬ 
cient  power  to  safely  hover.  This 
is  also  discussed  in  the  Hover 
section.  A  converstion  time 
history  is  shown  in  figure  27, 
appendix  I. 


Two  variations  of  the  vertical 
takeoff  are  the  air  run  takeoff 
(ARTO)  and  the  short  takeoff  with 
vertical  climbout  (STO/VC) .  The 
ARTO  is  desirable  to  avoid  the 
deadman's  zone,  and  the  STO/VC  is 
desirable  to  minimize  recirculation 
and  ingestion  of  debris  into  the 
engines.  Both  maneuvers  require 
partial  conversions  very  close  to 
the  ground.  Neither  of  these  tests 
was  done  during  this  evaluation 
due  to  the  severe  deterioration  of 
handling  qualities  close  to  the 
ground  at  wing  angles  between  40 
and  80  degrees.  This  problem  is 
discussed  in  detail  in  the  Short 
Landing  section. 


The  procedure  for  configuring 
the  XC-142A  for  climb  or  cruise 
was  more  involved  than  for  most 
aircraft.  Landing  gear  retraction 
during  conversion  resulted  ir.  no 
noticeable  trim  change  since  it 
was  done  below  40  KIAS.  As  the 
wing  was  lowered  to  zero  degrees 
the  tail  propeller  was  denhased 
and  braked  by  placing  the  clutch 
lock  lever  in  the  OF?  position  ar.d 
placing  the  tail  propeller  switch 
in  the  BRAKE  position.  The  collec¬ 
tive  was  stowed  by  either  pilot, 
and  power  control  reverted  to  the 
throttles.  Stowing  the  collective 
lever  required  the  following  steps: 
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1.  Disengage  the  collective 
lever  from  the  throttles 
by  pressinq  the  throttle 
disconnect  button  on  the 
collective  grip. 

2.  Slowly  raise  the  collective 
lever  to  the  upper  stop 

to  position  the  beta 
linkage  while  the  pro¬ 
peller  governor  maintains 
the  propeller  rpm. 

3.  Tighten  the  friction  on 
the  collective  lever  grip 
to  enable  the  he ca  linkage 
to  maintain  position. 

4.  Disengaqe  the  collective 
lever  from  the  beta  link- 
aqe  by  pressing  the  beta 
latch  switch  on  the 
collective  grip. 

5.  Lower  the  collective  lever 
to  the  stowed  position  in 
a  detent  on  the  deck  of 
the  cockpit. 

While  most  conversions  were 
made  at  a  mid  cc  of  20-percent  Sf-C, 
some  we re  made  at  19  and  17  percent. 
No  deterioration  in  flying  cuaiities 
was  noted  by  the  pilots  and  there 
was  no  significant  increase  in  the 
amount  of  control  deflection 
required. 


HOVER 

Hover  was  easily  accomplished 
from  a  vertical  takeoff  by  adjusting 
the  collective  lever  for  the  power 
required  to  maintain  a  constant 
height.  No  change  in  power  re¬ 
quired  tc  hover  within  ground 
effect  was  detected. 

In  calm  air,  a  stable  hover 
could  be  obtained  at  all  heights 
except  between  4  and  10  feet,  where 
there  was  an  apparent  gusviness  of 
the  air  possibly  caused  by  some 
recirculation  effects.  The  air¬ 
craft  was  still  easily  maintained 
in  a  position  over  the  ground  but 
an  increase  in  control  activity 
was  nosed.  The  hover  control  and 
attitude  limits  should  be  deter¬ 
mined  .  The  aircraft  controllability 
and  maneuverability  about  all  axes 
were  good  (C?.  2) .  In  ousting  winds 
control  activity  increased,  espe¬ 
cially  about  the  roll  axis.  The 
aircraft  had  a  strong  weather- 
cocking  tender.  _y.  (C  12) 

A.  comparison  of  hover  direc¬ 
tional  controllability  specification 
requirements  with  test  results  is 
presented  in  table  I.  Kec-ui remcr ts 
for  yaw  angular  displacement  1 
second  after  control  application 
were  computed  using  the  ferry 
mission  gross  weight  of  44  500 
pounds  as  specified  in  the  XC-142A 
model  specification  (reference  1). 
The  tests  were  actually  conducted 
at  an  average  gross  weight  of 
33  920  mounds  with  all  SAS  on. 
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The  XC-142A  did  not  meet  the 
specification  requirements  for  yaw 
control,  but  pilot  comments  indi¬ 
cated  the  directional  control  re¬ 
sponse  was  satisfactory.  The  test 
results  presented  in  figure  15, 
appendix  I,  show  that  directiona? 
controllability  was  greater  to  the 
left  than  to  the  right:;  however, 
the  4-  to  5-knot  wind  could  have 
accounted  for  this  difference. 

The  pilots  noticed  no  difference 
(CR  3) .  Ground  static  control 
cycles  indicated  that  full  right 
aileron  displacement  was  44  degrees 
trailing  edge  down  and  46  degrees 
trailing  edge  up  ve: sus  +  50 
degrees  predicted  by  reference  3. 

The  left  aileron  was  not  instru¬ 
mented  during  these  tests. 

During  this  evaluation,  the 
thrust  available  to  hover  even  with 
the  altitude  damper  off  was  marginal 
at  gross  weights  of  about  35  000 
pounds  at  a  density  altitude  of 
2000  feet  with  four  engines  oper¬ 
ating.  The  engines  produced  less 
power  than  expected  due  to  in¬ 
adequate  topping,  and  the  propeller 


efficiency  was  lower  than  predicted. 
The  Flight  Manual  predicted  a  hover 
ceiling  <  f  9400  feet  for  this  weight 
with  four  engines  operating  at 
maximum  power. 


Estimates  based  on  test  data 
indicated  that  the  aircraft  would 
not  meet  the  detail  specification 
requirements  for  hover  ceiling,  or 
vertical  thrust  to  weight  ratio  at 
the  VTOL  design  weight  of  37  474 
pounds.  The  hover  ceilings  deter¬ 
mined  are  only  approximate  due  to 
insufficient  data,  but  the  limited 
data  indicated  a  thrust  loss  com¬ 
pared  to  the  Flight  Manual  of  about 
12  percent.  Since  enaine  power 
appeared  normal  during  liqht  weight 
hovr-r  tests,  this  loss  was  attrib¬ 
uted  primarily  to  a  loss  in  pro¬ 
peller  efficiency.  The  hover  per¬ 
formance  is  summarized  in  table  II 
and  also  presented  in  figure  1, 
append  ,  I.  The  propeller  effi- 
cienc  jhould  be  improved  and  the 
engine  topping  procedures  changed. 
This  is  also  discussed  in  the 
Propulsion  section.  (C  14) 


TABLE  II 

FOUR-ENGINE  HOVER  CEILING  PERFORMANCE 
Thrust  to  Weight  Ratio  (T/w)  =  1.0 


Standard  Day 


,  -  - - - 

Gross 

Weight  (lb) 

Hover  Ceiling 
(ft) 

Flight  Manual 

Cp-CT  Method 
(extrapolated) 

Sea  Level 

44  500 

38  900 

2  000 

42  900 

37  100 

4  000 

41  000 

35  300 

6  000 

39  000 

33  500 

10  000 

34  200 

29  900 

12 


For  most  of  the  hover  tests 
the  altitude  damper  was  turned  off 
since  it  absorbed  4  to  5  percent 
of  available  power.  No  degradation 
was  observed  in  height  stability 
and  the  control  was  improved  with 
the  altitude  damper  off.  The 
damper  was  installed  mainly  for 
IFR  hover  and  may  be  helpful  for 
that  condition. 

Forward  and  rearward  wing- 
fixed  translations  were  done  by 
two  methods.  The  lift  vector  was 
changed  by  tilting  the  aircraft 
with  longitudinal  control  either 
while  holding  constant  power  or 
while  holding  constant  altitude 
and  increasing  power.  Both  methods 
changed  the  attitude  of  the  air¬ 
craft  proportional  to  the  control 
input.  Translation  while  holding 
constant  power  resulted  in  a 
gradual  loss  of  altitude.  Air 
taxi  was  accomplished  fore  and  aft 
by  decreasing  or  increasing  wing 
angle  respectively  which  resulted 
in  fuselage  level  attitudes.  The 
translations  using  longitudinal 
control  indicated  positive  stick 
position  and  stick  force  stability, 
while  the  air  taxi  had  no  effect 
on  either. 

The  maximum  rearward  speed 
attained  was  20  knots,  measured 
from  a  pace  automobile  with  an 
anemometer.  This  was  the  maximum 
rearward  speed  attainable  with  98 
degrees  of  wing  angle  and  a  level 
fuselage  attitude.  Test  results 
are  shown  in  figure  17,  appendix  I. 

Lateral  translations  were 
accomplished  by  banking  in  the 
direction  of  translation.  The  bank 
angle  was  not  excessive  or  un¬ 
comfortable.  Although  the  aircraft 
had  good  static  directional  sta¬ 
bility  while  hovering  :.n  winds, 
this  decreased  to  practically 
neutral  static  directional  sta¬ 
bility  in  sideward  flight.  Almost 
neutral  rudder  was  required  for 
the  sideward  flight.  The  maximum 
speed  attained  was  25  knots.  Test 


results  in  sideward  flight,  are 
shown  in  figure  16,  appendix  I. 

(C  11) 

■  SHORT  TAKEOFFS 

For  a  short  takeoff,  the  air¬ 
craft  was  taxied  into  position  on 
f-^e  runway,  the  brakes  v/ere  held, 
and  the  wing  was  set  to  the  desired 
angle.  The  tail  propeller  and  30 
degrees  of  flaps  were  used  for  all 
short  takeoffs.  The  collective 
lever  was  raised  to  apply  the  maxi¬ 
mum  torque  possible  without  skidding 
the  tires  (  25-  to  35 -percent 
torque).  At  this  power  setting, 
lateral  control  compensated  for 
any  crosswind  since  the  ailerons 
were  already  effective.  Takeoifs 
were  made  with  up  to  15  knots  of 
crosswind  with  no  difficulty,  and 
this  preroll  correction  was  near 
that  required  for  lift-off  with 
wings  level.  The  brakes  were  re¬ 
leased  to  prevert  skidding  and 
takeoff  power  was  rapidly  applied. 
The  average  time  required  for  the 
engines  to  reach  a  peak  torque  of 
about  80  percent  was  2.4  seconds, 
and  the  aircraft  lifted  off  about 
1.4  seconds  later  (i.e.,  brake 
release  to  lift-off  averaged  3.8 
seconds) .  For  takeoffs  at  all 
wing  angles,  the  longitudinal  trim 
was  set  to  zero  and  a  level  fuse¬ 
lage  attitude  was  held  during  the 
acceleration,  takeoff,  and  climb- 
out,  When  safely  airborne,  the 
landing  gear  was  retracted,  and 
the  conversion  angle  (CA)  was 
lowered  to  0/30  degrees2  as  soon  as 
possible.  The  tail  propeller  was 
shut  down  and  braked  and  the  col¬ 
lective  lever  stowage  was  started 
as  the  aircraft  accelerated  through 
100  KIAS  at  0/30  degrees  CA.  After 
the  tail  propeller  and  collective 
lever  were  secured,  the  flaps  were 
raised  to  zero.  At  this  point  the 
aircraft  had  accelerated  to  about 
140  KIAS. 


A  CA  of  0/30  degrees  denotes  o  wing  tilt  angle  of  zero  degrees 
and  a  flop  deflection  of  30  degrees. 
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In  the  cruise  configuration 
(gear  and  flaps  up,  wing  down  and 
locked,  and  at  power  for  level  un¬ 
accelerating  flight)  the  XC-142A 
was  in  light  aerodynamic  buffet  at 
140  KIAS.  This  was  designated  the 
conversion  speed. 

The  military  pilots  flew 
qualitative  short  takeoffs  at  sev¬ 
eral  CA's  from  10/30  to  45/30  de¬ 
grees.  Conversion  angles  of  35/30 
were  the  highest  possible  without 
stability  and  control  deterioration 
due  to  ground  effect.  Ground  roll 
was  less  than  750  feet  for  all  CA's 
but  at  35  degrees  of  wing  the 


ground  distances  were  175  feet  or 
less  as  shown  in  table  III.  During 
this  evaluation  there  was  not  time 
to  adequately  test  more  than  one 
wing  angle.  Therefore,  all  quan¬ 
titative  short  takeoff  tests  were 
made  with  four  engines  operating, 
a  CA  of  35/30  degrees,  and  a  eg  of 
18-percent  MGC  at  weights  from 
34  150  to  41  300  pounds.  The  maxi¬ 
mum  allowable  takeoff  weight  was 
41  500  pounds.  The  takeoff  per¬ 
formance  data  are  presented  in 
figures  2  and  3,  appendix  I.  A 
35/30  degree  CA  takeoff  time 
history  is  shown  in  figure  21, 
appendix  I. 


TABLE  III 

TAKEOFF  PERFORMANCE  COMPARISON 
35/30  Degrees  Conversion  Angle 


Weight 

(lb) 

Ground  Roll  (ft) 
Flight  Manual  Test 

Takeoff  Speed  (KTAS) 
Flight  Manual  Test 

Total  Distance 
Over  50-ft  (ft) 
Flight  Manual  Test 

Speed  at  50-ft 

Height  (KTAS) 

Flight  Manual  Test 

41  300 

127 

175 

29 

41 

405 

500 

Not 

51 

37  474 

75 

125 

23 

38 

290 

404 

Available 

50 

34  150 

48 

07 

18 

36 

234 

358 

49 

NOTE:  See  figures  2  and  3  of  appendix  I  for  test  conditions. 

A  takeoff  time  history  is  shown  in  figure  21,  appendix  I. 


Fairchild  Flight  Analyzers 
were  used  to  determine  the  takeoff 
times,  distances,  and  ground  speeds. 
The  data  were  corrected  only  for 
wind,  since  power  correction 
methods  had  not  yet  been  determined. 


The  ground  and  air  distances 
obtained  during  this  evaluation 
were  much  greater  than  those  which 
had  been  predicted  by  the  night 
Manual.  Some  of  this  deviation 
cculd  be  attributed  to  the  following: 

(1)  only  30-percent  torque  could 
be  applied  prior  to  brake  release, 

(2)  propeller  and  power  deficiencies, 

(3)  the  pilot  proficiency  in  maxi¬ 
mum  STOL  techniques,  and  (4)  take¬ 
off  airspeeds  were  higher  than 
predicted. 
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The  short  takeoff  weight  (for 
500  feet  total  distance  over  a  50- 
foot  obstacle)  of  the  XC-142A  was 
41  300  pounds  for  a  CA  of  35/30 
degrees,  with  four  engines  oper¬ 
ating,  and  sea  level  standard  day 
conditions . 

In  the  pilots'  opinion,  the 
XC-142A  took  too  long  to  return  to 
trim  after  a  directional  distur¬ 
bance  in  the  STOL  configuration, 
especially  at  wing  angles  above  35 
degrees.  This,  coupled  with  high 
rudder  forces,  made  precise  direc¬ 
tional  control  difficult.  Lateral 
and  longitudinal  control  forces 
and  controllability  were  good,  but 
overall  harmony  was  poor  due  to 
the  high  rudder  forces .  The  STOL 
static  directional  stability  should 
be  improved.  (C  16) 

Most  of  the  evaluation  was 
conducted  at  a  eg  of  approximately 

18- percent  MGC  but  a  brief  quali¬ 
tative  evaluation  was  made  at  17- , 

19-  ,  24-,  26-,  and  28-percent  MGC. 

No  deterioration  in  flying  qualities 
was  observed  and  there  was  no 
significant  increase  in  the  amount 
of  control  deflection  required. 

The  eg  limits  should  be  determined. 
(C  5) 

On  one  of  the  flights  with  a 
combined  military-contractor  crew, 
an  evaluation  was  made  of  the  short 
takeoff  characteristics  of  the 
XC-142A  at  wing  angles  greater 
than  35  degrees.  Although  it  was 
planned  to  evaluate  the  aircraft 
at  wing  angles  up  to  60  degrees, 
the  highest  angle  reached  was  45 
degrees.  Previous  flights  in¬ 
dicated  that  the  aircraft's  sta¬ 
bility  and  control  deteriorated 
significantly  at  wing  angles  above 
40  degrees. 

The  initial  takeoff  was  made 
using  91-percent  propeller  rpm, 
70-percent  torque  and  a  CA  of  40/30 
degrees .  The  power  response  was 
immediate.  At  lift-off  aircraft 
directional  excursions  were  greater 


than  at  wing  angles  below  35  degrees , 
but  due  to  the  rapid  climb  through 
15  feet  rhis  was  only  momentary 
(CR  3). 

The  next  takeoff  was  made  at 
the  same  power  setting  with  a  CA 
of  45/30  degrees.  Aircraft  re¬ 
action  following  lift-off  was 
similar  to  that  experienced  at  the 
40/30  degree  CA  except  that  the 
deterioration  in  directional  con¬ 
trol  was  more  pronounced  and  lasted 
through  a  height  of  approximately 
25  feet.  The  instability  anc.  de¬ 
terioration  in  controllability  at 
this  CA  was  also  apparent  about 
the  roll  axis  (CR  4). 

These  disturbances  presented 
no  serious  control  difficulty. 

The  landing  characteristics  were 
worse  and  are  discussed  in  the 
Short  Landing  section.  Due  to 
this  deterioration  of  stability 
and  control  at  higher  wing  angles, 
a  CA  of  35/30  degrees  should  bo 
the  highest  used  for  short  takeoffs 
until  more  tests  can  be  made. 

Since  this  could  be  a  tilt  wing 
concept  limit,  further  tests  should 
be  made  and  the  STOL  CA  limits 
determined.  (C  23) 

CLIMBS 

Maximum  power  climbs  at  91- 
percent  propeller  rpm  were  made  to 
the  operational  ceiling  of  25  000 
feet  to  evaluate  the  climb  per¬ 
formance  and  aircraft  handling 
characteristics.  The  XC-142A 
operational  ceiling  was  limited  to 
25  000  feet  by  the  lack  of  aircraft 
pressurization  and  several  systems 
limitations.  A  summary  of  the 
climb  performance  is  in  table  IV. 

The  climb  performance  was  out¬ 
standing  for  a  cargo/transport  air¬ 
craft,  although  it  was  about  1000 
fpm  less  than  predicted  for  100- 
percent  propeller  rpm.  At  a  gross 
weight  of  35  900  pounds,  the  time 
to  climb  from  sea  level  to  25  000 
feet  was  6.1  minutes.  Aircraft 
acceleration  following  application 
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of  maximum  power  was  rapid.  Brisk 
rotation  to  the  climb  attitude  was 
required  to  avoid  exceeding  the 
climb  speed.  For  the  4-engine 
climbs,  the  initial  fuselage  atti¬ 
tude  was  about  26  degrees  noseup; 
however,  this  did  not  adversely 
affect  forward  visibility.  The 
climb  data  are  presented  in  figure 
4  ,  appendix  I , 


Lateral-directional  control 
was  good,  but  the  aircraft  was 
sensitive  longitudinally  and 
attention  was  required  for  airspeed 
control.  Directionally  the  air¬ 
craft  was  insersitive  to  small 
sideslips.  Even  though  the  air 
was  quite  stable,  persistent  small 
yaw  excursions  of  less  than  2 
degrees  were  observed.  Trimmability 
in  the  climbs  was  good,  although 
in  the  4-engine  climbs  approxi¬ 
mately  75  percent  of  the  available 
yaw  trim  was  required  to  relieve 
the  pedal  forces.  This  was 
probably  a  propeller  rigging  prob¬ 
lem  and  was  not  representative. 


Level  flight  accelerations 
were  made  at  1000,  4000,  8000, 
and  12  000  feet  to  check  the  maxi¬ 
mum  thrust  variation  with  altitude 
and  to  determine  the  climb  potential 
and  best  climb  speeds.  Two  accel¬ 
erations  were  made  at  each  alti¬ 
tude  from  the  buffet  onset  speed 
to  about  250  KCAS.  Although  the 
test  day  temperatures  were  13  to 
16  degrees  C  hotter  than  standard, 
the  data  indicated  the  best  climb 
speeds  were  ab.'ut  180  KCAS  at  1000 
feet  decreasing  to  160  KCAS  at 
12  000  feet.  The  climb  potential 
curve,  as  shown  in  figure  5, 
appendix  I,  showed  that  little 
benefit  would  be  gained  by  climbing 
at  a  slower  speed.  The  data  indi¬ 
cated  that  the  best  climb  speeds 
were  at  the  buffet  onset  speeds 
for  the  conditions  tested. 


■  LEVEL  FLIGHT 

The  4 -engine  and  2-engine  level 
flight  performance  of  the  XC-142A 
was  evaluated  by  flying  at  air¬ 
speeds  between  buffet  and  the  maxi¬ 
mum  speed  as  determined  by  power 
limit  or  the  existing  airspeed 
limit  of  245  KEAS.  The  conditions 
tested  are  listed  in  table  V. 

The  contractor  * s  recommended 
propeller  speeds  were  used  for 
these  tests.  The  minimum  propeller 
speed  of  75  percent  could  not  always 
be  achieved  because  of  the  adverse 
effect  of  cold  soaking  the  pro¬ 
peller  governor.  In  some  cases, 
the  minirum  propeller  speed  attain¬ 
able  with  the  rpm  control  lever 
back  against  the  stop  was  about  79 
percent.  The  propeller  governor 
should  be  modified  so  that  the 
minimum  75-percent  rpm  can  be 
attained  in  flight.  (B  100) 

The  cruise  data  are  summarized 
in  table  VI.  These  data  were  not 
corrected  to  standard  temperatures. 

One  of  the  unusual  features 
of  the  XC-142A  was  its  ability  to 
have  one  or  more  engines  shut  down 
and  still  operate  all  four  pro¬ 
pellers  through  the  cross-shafting. 
This  eliminated  the  drag  of  a  wind¬ 
milling  or  feathered  propeller. 

The  specific  fuel  consumption  of 
the  T64  engines  decreased  with 
increased  power  settings.  As  a 
result  of  these  characteristics, 
the  contractor  recommended  2-engine 
cruise  for  maximum  range.  Both 
2-  and  4-engine  data  were  obtained 
during  this  evaluation.  Better 
range  was  obtained  with  two  engines 
operating  but  the  cruise  speeds 
were  lower  than  predicted.  The 
power  required  data  are  shown  in 
figure  10,  appendix  I. 

The  2-engine  cruise  data  were 
obtained  at  6000,  10  000,  and  20  000 
feet.  The  air  was  too  turbulent 
below  6000  feet  to  obtain  sea  level 
cruise  data,  and  25  000  feet  was 
above  the  2 -engine  absolute  ceiling 
at  35  000  pounds  gross  weight. 
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TABLE  IV 


FOUR-ENGINE  MAXIMUM  POWER  CLIMB  PERFORMANCE  SUMMARY 
CA  0/0  Degrees,  gear  up  91-percent  Propeller  rpm 
Sea  Level  Weight  =  35  900  lb 


Altitude 

Time 

Rate  of  Climb 

' 

Airsoeed 

Distance  Traveled 

Fuel  Used 

(ft) 

(min) 

( fpm) 

(KCAS) 

(NM) 

(lb) 

1 _  -  ■  -  ■  —  -  - _  ■  ■  '  1 

SL 

0 

7340 

188 

0 

0 

5  000 

0.8 

6230 

179 

2.3 

62 

10  000 

1.6 

5140 

166 

5.0 

130 

15  000 

2.7 

4100 

157 

0.5 

203 

20  000 

4.1 

3080 

156 

13.4 

283 

25  000 

6.1 

1970 

156 

22.0 

382 

C - - - - - - - i 

Note:  Data  were  not  corrected  to  standard  temperature.  Test  day  temperature  varied 

from  2.8  degrees  C  colder  than  standard  at  sea  level  to  4.4  degrees  C  hotter 
than  standard  at  25  000  feet. 

TABLE  V 

SPEED  POWER  TEST  CONDITIONS 
Cruise  Configuration  eg  -  21-percent  MGC 


Number  of 
Engines 
Operating 


4 

4 

2 

2 

2 


Average 
Gross  Weight 
(lb) 


34  750 

35  510 
35  060 
33  350 
33  830 


Average 

Pressure  Altitude 
(ft) 


Speed  Range 
(KCAS) 


10  000 
25  000 
6  000 
10  000 
20  000 


157-231 

163-195 

145-228 

142-198 

145-178 


OAT.  -  OAT q 
(deg  C) 


+  8 
+  2 
+  3 
+  7 
+  4 


TABLE  VI 

CRUISE  TEST  PERFORMANCE  SUMMARY 
Cruise  Configuration  eg  =  21— percent  MGC 


Number  of  Gross  Pressure 
Engines  Weight  Altitude 
Operating  (lb)  (ft) 


OAT.  -  OAT 
t  s 

(deg  C) 


Standard  Day 

Flight  Manual  aest  Cruise 

KCAS  KTAS  NAMPP  KCAS  KTAS  NAMPP 


Recommended 

Cruise 

KCAS  KTAS  NAMPP 


4 

34 

750 

10 

000 

+  8 

_ 

_ 

190 

223 

0.1040 

198 

231 

0.1030 

1 

4 

35 

510 

25 

000 

+2 

- 

- 

- 

172 

254 

0.13S8 

180 

265 

0.1375 

r 

2 

35 

060 

6 

000 

+3 

173 

189 

0.1290 

175 

192 

0.1240 

186 

203 

0.1227 

r 

i 

2 

33 

353 

10 

000 

+7 

168 

195 

0.1435 

175 

205 

0.1340 

182 

213 

0.1326 

. 

2 

33 

850 

20 

000 

+4 

155 

211 

0.1695 

156 

216 

0.1520 

167 

229 

0.1505 

Notes:  1.  Data  were  corrected  for  dv/dt  and  dh/dt  but  were  net  corrected  to  standard  temperature. 

2.  Recommended  cruise  was  the  highest  speed  at  which  99  percent  of  maximum  NAMPP  was  attained. 
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The  highest  recommended  2- 
engine  cruise  true  airspeed  occurred 
at  10  000  feet,  although  there  was 
little  difference  in  the  true  air¬ 
speeds  at  the  three  altitudes  (203 
KTAS  at  6000  feet,  213  KTAS  at 
10  000  feet,  and  209  KTAS  at  20  000 
feet)  . 

The  best  specific  range  was 
0.1520  nautical  air  mile  per 
pound  of  fuel  (NAMPP)  at  216  KTAS 
at  20  000  feet.  This  was  obtained 
with  two  engines  operating.  This 
speed  was  3  KTAS  lower  and  the 
range  was  11  percent  less  than 
predicted  in  the  Flight  Manual. 

The  recommended  cruise  speed  was 
based  on  a  higher  speed  to  shorten 
the  mission  time  with  only  a  1- 
percent  range  penalty.  This  rec¬ 
ommended  cruise  speed  was  229  KTAS 
and  the  range  was  12  percent  less 
than  predicted  in  the  Flight  Manual. 


The  2-engine  cruise  perfor¬ 
mance  is  presented  in  figures  6 
through  8,  appendix  I. 

The  4-engine  cruise  data  were 
obtained  simultaneously  with  the 
airspeed  calibration  at  10  000  and 
25  000  feet  altitude.  There  were 
no  4-engine  cruise  data  in  the 
Flight  Manual  for  comparison  to 
the  test  data  since  the  recommen¬ 
ded  cruise  was  with  two  engines 
operating.  The  4 -engine  data  were 
obtained  mainly  for  comparison  with 
the  2-engine  data.  The  highest 
recommended  4-engine  cruise  speed 
was  265  KTAS  at  25  000  feet. 

At  10  000  feet,  the  4-engine 
best  cruise  speed  of  223  KTAS  was 

9  percent  higher  than  the  best 
2-engine  cruise  speed,  but  the 
specific  range  was  22.5  percent 


ating  and  at  the  recommended  4- 
engine  cruise  spee.i  the  specific 
range  was  17  percent  less.  At 
iiigh  aititud  ,  the  comparison  was 
made  with  4  -ngine  data  at  25  000 
feet  (the  operational  ceiling)  and 
2-en:jine  data  at  29  000  feev.  The 
4-engine  best  cruise  speed  of  254 
KTAS  was  17.5  percent  higher  than 
the  best  2-engine  cruise  speed  but 
the  specific  range  was  9  percent 
lower.  The  4-engine  cruise  per¬ 
formance  is  presented  in  figure  9, 
appendix  I. 

A  plot  of  shpiw  versus  Viw  is 
shown  in  figure  10,  appendix  I. 

It  shows  nc  noticeable  difference 
in  total  power  required  between 
2-  and  4-engine  cruise  at  the  same 
conditions .  This  plot  shows  some 
characteristics  at  low  speed  that 
cannot  be  explained  or  verified 
with  the  limited  data  available. 

The  visibility  in  level  flight 
was  excellent  (refer  to  the  Cockpit 
Evaluation  section) . 

■  DESCENTS 

Descent  boundary  investigations 
were  performed  by  the  contractor 
to  verify  the  predicted  buffet  on¬ 
set  speeds  and  maximum  sink  rates. 
Buffet  onset  speeds  and  maximum 
sink  rates  were  demonstrated 
during  military'  crew  checkouts. 
Buffet  onset  and  buildup  char¬ 
acteristics  were  similar  for  all 
configurations  observed.  Buffet 
onset  was  very  light  but  distinct. 

It  intensified  as  the  sink  rate 
was  increased  by  power  reduction. 

The  maximum  sink  rate  was  defined 
by  moderate  airframe  buffet  and 
a  slight  decrease  in  stability 
and  controllability,  primarily 
about  the  lateral  axis. 


lower.  The  range  at  the  4 -engine 
cruise  speeds  was  better  with  two 
engines  shut  down  than  with  four 
engines  operating.  At  the  best 
4-engine  cruise  speed  the  4-engine 
specific  range  was  19.5  percent 
less  than  with  two  engines  oper- 


The  buffet  onset  speeds  agreed 
closely  with  predictions,  and  the 
region  of  light  buffet  at  higher 
sink  rates  was  more  than  sufficient 
for  pilot  warning.  This  buffet 
region  is  discussed  in  greater 
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in  sta11  Approaches 
section.  The  predicted  descent 
boundary  is  shown  in  figure  2, 
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Figure  2  ESTIMATED  DESCENT  BOUNDARY 


A  phenomenon  related  to  high¬ 
speed  low-power  clean  configu- 
ration  descents  was  experienced 
and  was  referred  to  as  "loping." 

Loping  was  manifested  in  the 
cockpit  by  longitudinal  acceler¬ 
ation  pulses  of  small  magnitude 
and  varying  frequency  dependino 

U?°^the.speed‘P°wer  configuration 
at  the  time.  The  lower  the  speed 
the  lower  the  pulsing  frequency. 
The  contractor  attributed  this 
Phenomenon  to  the  propellers 
operating  at  the  minimum  governing 
position  and  cycling  between  Dosi- 
tive  and  negative  thrust.  This 
cycling  of  propeller  thrust  was 
transmitted  to  the  aircraft  and 
caused  fore  and  aft  wing  movements. 
The  movements  were  observed  from 
the  cockpit  by  both  pilots  and 
also  by  the  chase  pilots.  The 
contractor  considered  this  "loping" 
a  high-priority  study  problem  and 
recommended  avoiding  it  during 
flight.  The  "loping"  should  be 
corrected.  (D  19) 


■  LANDING  APPROACH 

Setup  of  the  landing  con¬ 
figuration  of  the  XC-142A  was 
essentially  the  reverse  of  the 
cleanup  procedure  after  takeoff. 

tJanfor  *  WaS  mUCh  m°re  involved 
tnan  for  a  conventional  aircraft 

there  was  sufficient  time  on  the' 
downwind  leg.  The  following  steps 
were  required:  J  p 

1*  Decelerate  to  150  KIAS. 

2.  Open  the  hydraulic 
isolation  valve. 

3.  Select  wing  primarv 
system. 

4.  Set  30  degrees  cf  flaps. 

5.  Set  91  percent  prooeller 
rpm  • 

6.  "Hook  up" 3  the  collective 
lever. 

i 

The  throttles,  moved  With  the  collec„vc  love-  when  the  col¬ 
lective  lever  wos  ‘'hooked  up." 


‘SF 

A 


y 


19 


7.  Engage  the  tail  propeller. 

8.  Lower  the  landing  gear. 

9 .  Raise  the  wing  to  10 
degrees . 

10.  Set  final  CA  on  short 
final  approach. 

The  aircraft  landing  operation 
was  very  flexible  with  regard  to 
approach  speeds,  glide  angle,  and 
pattern  size.  With  the  wing  down, 
the  pattern  was  similar  to  most 
fixed  wing  patterns.  Higher  wing 
angles  permitted  reduced  pattern 
size  and  speed  and  allowed  oper¬ 
ations  comparable  with  those  of 
helicopters . 

The  downwind  leg  was  normally 
flown  at  a  CA  of  10/30  degrees 
which  resulted  in  a  fuselage  level 
trim  speed  of  92  KIAS.  On  base 
leg  in  the  landing  pattern,  the 
flaps  were  lowered  to  60  degrees 
and  a  trim  speed  of  74  KIAS  was 
held  during  the  turn  to  final. 

The  angle  of  approach  was  easily 
controlled  by  varying  the  rate  at 
which  the  wing  was  raised  and  the 
amount  of  power  applied.  The  rate 
of  descent  was  arrested  immediately 
l.v  Dov/er  application.  The  power 
response  provided  good  waveoff 
characteristics . 


■  RECONVERSION  AND  VERTICAL  LANDING 

Reconversion  and  vertical 
landing  were  easily  accomplished 
(CR  2) .  The  10/60  degrees  CA  was 
normally  maintained  until  approxi¬ 
mately  one-quarter  mile  from  the 
touchdown  point  where  the  wing 
angle  was  increased  incrementally 
to  approximately  45  degrees.  At 
approximately  200  feet  from  the 
desired  touchdown  point,  the  wing 
was  raised  at  constant  rate  to  the 
proper  wing  angle  for  hover,  A 
minimum  height  of  50  feet  was  used 
for  the  reconversion  to  avoid  the 
instabilities  which  occurred  at 


higher  wing  angles  in  ground  effect 
The  instabilities  are  discussed  in 
the  Short  Landing  section. 


Deceleration  was  excellent 
with  the  wing  acting  as  a  speed- 
brake.  A  slight  floating  or 
ballooning  tendency  was  present  at 
the  lower  wing  angles  if  the  wing 
angle  was  increased  too  rapidly, 
but  there  were  negligible  trim 
changes  throughout  the  entire  re¬ 
conversion.  Power  management  in 
the  approach  required  only  minor 
adjustments  once  the  desired  rate 
or  angle  of  descent  was  established 
There  was  no  abrupt  change  in  power 
required  during  the  reconversion. 
Some  excess  power  over  hover  re¬ 
quirements  will  be  necessary  to 
allow  for  gusts  and  control  de¬ 
flection  requirements. 

During  vertical  landings,  the 
aircraft  descended  through  re¬ 
circulation  turbulence  between  10 
to  4  feet.  This  increased  pilot 
activity  slightly  but  caused  no 
control  difficulty.  The  descent 
was  arrested  with  power  application 
and  the  aircraft  settled  gently  to 
the  ground.  No  ground  resonance 
tendency  was  encountered.  A  re¬ 
conversion  time  history  is  shown 
in  figure  29,  appendix  I. 


■  SHORT  LANDINGS 

The  short  landings  were  made 
with  the  tail  propeller  engaged, 
and  the  power  was  controlled  by 
the  collective  lever.  The  wing 
angle  desired,  for  landing  was  set 
on  a  short  final  approach  due  to 
the  lengthy  time  involved  if  the 
entire  pattern  was  flown  at  high 
wing  angles.  Due  to  time  limita¬ 
tions  the  tests  were  concentrated 
on  the  35/60  degree  CA.  This  CA 
offered  the  best  STOL  performance 
without  encountering  the  insta¬ 
bilities  which  were  present  at 
higher  wing  angles.  Gross  weights 
ranged  from  34  340  to  41  100  pounds 
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The  landing  technique  used 
was  to  fly  the  final  approach  with 
the  fuselage  level  and  accept  the 
resultant  trim  speed.  The  desired 
sink  rate  was  controlled  by  power. 
Directional  control  deteriorated 
in  ground  effect  with  increased 
wing  incidence,  but  was  satis¬ 
factory  up  to  35  degrees.  At  wing 
angles  of  30  to  35  degrees  there 
was  a  slight  negative  ground  effect 
below  about  10  feet.  This  was 
easily  overcome  by  a  small  power 
application  as  the  sink  rate  began 
to  increase  just  before  touchdown. 
Negative  ground  effect  occurred  in 
such  close  proximity  to  the  ground 
that  no  hard  touchdowns  were  ex¬ 
perienced.  The  pilot's  natural 
tendency  to  flare  the  aircraft  had 
to  be  overcome  as  this  effectively 
increased  the  wing  angle  above  35 
degrees.  This  resulted  in  an  in¬ 
creased  rate  of  descent  and  a  de¬ 
terioration  of  lateral-directional 
stability.  A  fuselage  level  atti¬ 
tude  was  maintained  to  a  solid 
touchdown  where  the  long  stroke 
main  landing  gear  struts  provided 
firm  but  soft  touchdowns  from  sink 
rates  which  averaged  560  fpm  (9.3 
fps) . 


Upon  touchdown,  the  collective 
lever  was  lowered  to  the  bottom 
gate,  unhooked  from  the  throttles, 


and  lowered  rapidly  to  the  bottom 
stop  in  order  to  set  minimum  pitch 
on  the  propellers.  The  time  re¬ 
quired  to  lower  the  collective 
lever  ranged  from  1  to  4  seconds 
with  the  average  being  2.2  seconds. 
Although  the  XC-142A  propellers 
had  no  reverse  pitch,  the  minimum 
pitch  provided  effective  deceler¬ 
ation  at  speeds  above  approximately 
35  KIAS.  Tne  propeller  minimum 
pitch  was  much  more  effective  than 
the  brakes  as  a  deceleration  device 
at  higher  speeds.  The  brakes  were 
inadequate  and  faded  badly  during 
maximum  performance  landings.  The 
braking  should  be  improved.  The 
brakes  are  also  discussed  in  the 
Taxiing  and  Hydraulic  System 
sections.  (C  22} 

Upon  completion  of  the  landing 
roll,  the  wing  was  normally  lowered 
to  10  degrees  and  the  tail  pro¬ 
peller  disengaged  and  braked  for 
taxi. 

Landing  data  were  recorded 
with  Fairchild  Flight  Analyzers. 
Wind  data  were  collected  and  wind 
corrections  were  applied  to  deter¬ 
mine  true  airspeeds.  No  other  cor¬ 
rections  were  made.  The  landing 
performance  is  summarized  in  table 
VII ,  and  presented  in  figures  11 
and  12,  appendix  I.  A  35/60  degree 
CA  landing  time  history  is  shown 
in  figure  22,  appendix  I. 


TABLE  VII 

LANDING  PERFORMANCE  COMPARISON 
35/50  Degrees  Conversion  Angle 


Weight 

Ground  Roll 

(ft) 

Touchdown  Speed 

(KTAS) 

Total  Distance  over 
50  feet  (ft) 

Speed  at  50-ft 
Height  (KTAS: 

(lb) 

Plight  Manual 

Test 

Flight  Manual 

Test 

Flight  Manual 

Tost 

Flight  Manual 

Test 

41  100 

145 

395 

27 

40 

420 

860 

27 

36 

37  474 

130 

290 

25 

38 

380 

650 

25 

35 

34  340 

120 

260 

24 

36 

360 

560 

24 

33 

NOTE:  See  figures  11  and  12  of  appendix  I  for  test  conditions. 

A  landing  time  history  is  shown  in  figure  22,  appendix  I. 
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The  landing  distances  over  a 
50-foot  obstacle  were  too  long  for 
an  aircraft  of  this  type  and  were 
net  compaatible  with  the  short  take¬ 
off  distances.  In  all  cases  tested, 
the  distances  were  qreater  than 
predicted  in  the  Flight  Manual. 

At  41  100  pounds,  the  ground  roll 
was  170  percent  (250  feet)  higher 
than  predicted.  This  increase  was 
attributed  primarily  to  the  higher 
than  predicted  landing  speeds ,  poor 
braking,  and  a  lack  of  adequate 
negative  thrust.  The  landing 
distances  should  be  reduced  to  be 
compatible  with  the  short  takeoff 
distances.  (C  21) 

At  the  lightest  weight  tested 
of  34  340  pounds,  the  XC-142A  did 
not  meet  the  short  landing  criteria 
of  500  feet  total  distance  over  a 
50-foot  obstacle. 

The  highest  CA  used  for  landing 
without  the  tail  propeller  oper¬ 
ating  was  20/30  degrees.  The  only 
difference  noticed  by  the  pilot 
was  that  the  stick  hit  the  aft 
stop  during  the  landing  flare.  A 
time  history  of  this  landing  is 
presented  in  figure  23,  appendix  I. 

A  military  pilot  accompanied 
the  contractor  pilot  on  tests  to 
determine  XC-142A  takeoff  and 
landing  characteristics  at  wing 
angles  greater  than  35  degrees . 

The  test  gross  weight  was  about 
38  200  pounds  and  the  center  of 
gravity  was  at  21-percent  MGC. 

The  SAS  was  on  for  these  tests. 

The  takeoff  characteristics  were 
previously  discussed  in  the  Short 
Takeoffs  section.  The  landings 
for  these  tests  were  made  at  CA's 
of  40/60  and  45/60  degrees. 

The  first  landing  was  made  at 
a  CA  of  40/60  degrees.  It  was 
normal  down  to  a  height  of  about 
15  feet  where  directional  stability 
and  controllability  deteriorated 
noticeably  (CR  4) .  Between  5  and 
10  feet  above  the  ground  a  very 
strong  negative  ground  effect  was 


experienced  which  was  easily  coun¬ 
teracted  by  adding  power. 

The  second  and  final  landing 
was  made  at  a  CA  of  45/60  degrees 
and  resulted  in  substantial  damage 
to  both  outboard  ailerons  and  both 
outboard  engine  exhaust  nozzles. 

A  power  approach  was  established 
at  about  200  feet  height  above  the 
ground.  The  sink  rate  was  sta¬ 
bilized  at  a  torcue  setting  of 
about  70  percent.  Torque  had  been 
increased  to  75  percent  at  25  feet. 

At  this  height  the  aircraft  began 
to  react  as  on  the  previous  landing, 
but  stability  and  controllability 
deteriorated  at  an  alarm? nq  rate 
until  at  about  10  feet  it  was 
apparent  that  a  hard  landing  was 
inevitable.  No  attempt  to  go 
around  was  made,  and  both  the  pilots 
doubted  it  could  have  been  made  if 
attempted.  Ground  contact  was  made 
in  a  left  rolling  sideslip  on  the 
left  main  landing  gear  at  a  sink 
rate  of  about  12  fps.  The  aircraft 
continued  its  left  roll  until  the 
outboard  aileron  and  the  No.  1 
engine  nozzle  contacted  the  runway. 

The  nose  gear  then  touched  down, 

and  the  aircraft  rebounded  into  a 

right  roll.  The  right  main  landing 

gear  touched  down  and  the  left  isair 

landing  gear  lifted  off  the  grouno 

again.  The  right  outboard  aileron 

and  the  No.  4  engine  nozzle  then 

contacted  the  runway.  The  aircraft 

then  settled  down  and  was  stooped 

without  further  incident.  The 

initial  impact  was  hard  and  could  " 

easily  have  resulted  in  other 

structural  damage  to  the  landinq 

gear  or  winq  attachment  points. 

Control  activity  increased  through¬ 
out  the  last  15  feet  of  the  descent, 
and  full  lateral  and  directional 
control  inputs  were  inadequate  to 
keep  the  vrings  from  contacting  the 
runway.  Records  indicated  roll 
attitudes  were  about  20  degrees 
and  heading  excursions  were  about 
5  degrees  (CR  8) .  The  STOL  CA 
limits  should  be  determined.  A 
time  history  of  this  landinq  is 
presented  in  figure  24,  appendix  I. 

'(C  23) 
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The  negative  ground  effect 
and  stability  and  control  deteri¬ 
oration  experienced  above  wing 
angles  of  35  degrees  was  thought 
to  be  caused  by  flow  splitting. 

Flow  splitting  is  defined  as  that 
point  where  the  deflected  propeller 
slips traam  begins  to  precede  the 
aircraft.  These  handling  qualities 
were  unsatisfactory  and  limited 
the  aircraft  performance  capa¬ 
bilities  to  those  attainable  with 
35  degrees  of  wing.  After  these 
tests,  the  contractor  investigated 
the  phenomenon  from  high  wing 
angles,  starting  at  90  degrees. 
Instabilities  began  to  occur  at  a 
wing  angle  of  80  degrees  in  ground 
effect.  This  40-  to  80-cegree 
wing  angle  region  may  be  a  tiit- 
wing  concept  limit  and  should  be 
further  investigated.  A  possible 
solution  may  be  a  revised  flap 
program.  This  phenomenon  did  not 
affect  conversion  or  reconversion 
above  25  feet,  out  of  ground  effect. 


STABILITY  AND  CONTROL 
TESTS 

CONTROL  SYSTEM  FRICTION  AND  BREAKOUT 
FORCES 

Control  system  friction  and 
breakout  force  measurements  were 
conducted  in  a  closed  hangar  using 
an  auxiliary'  power  unit  to  energize 
the  aircraft  electrical  system  and 
both  hydraulic  systems.  An  incli¬ 
nometer  was  placed  on  the  wing  and 
UKT  to  cross-check  longitudinal 
trim  and  wing  angle  indicators. 
Breakout  forces  were  measured  at 
various  wing  angles  with  neutral, 
1/2-nosedown,  and  1/2-r.cseu?  trim 
settings.  The  results  of  these 
tests  are  compared  with  various 
specification  limits  in  table  VIII. 

At  a  wing  angle  of  zero  degrees 
all  breakout  forces  were  within  the 
limits  of  y.IL— F— 3785  (ASG)  and  were 


TA3LE  YII3 

CONTROL  SYSTEM  FRICTION  AND  3REAKOUT  FORCES 
1  Forces  at  Various  j  ! 


Longitudinal 
Control  7  rur. 


u— j  Neutral 

I  1 1 


‘•2  noseawn 
-2  noseun 


il  j  Neutral 
■  Neutral 


Wise  Aa?if5  (lb) 

0  deg 

i  -tO  dec 
f - — 

60  ceg 

|  90  deg 

2(i}' 

1.0 

-.0 

I  z.o 

1(4)* 

0.5 

0.5 

0.5 

2(3)° 

2.0 

0.5 

1  2.0 

2 

i.O 

1.0 

1.0 

i0 

12 

=  11 

=  11 

PMot 

Mil.-F- 

MU.-H- 

AGARD 

Comment 

3735  -AS--,) 

350  i  A 

A-.cep: . 

0.5«  5.0 

u.  5  io  1.5  |j.  5  so  2. 

j  Accent.  0.5  to-  4.0  j  0.5  to  1.5  0.  5  to-  1.0  j 
j  oo  1 .0  :«  14. 0  j  5  J:o7.r  -.OtolO.O  j 


-  Parentheses  denote  tail  propeller  in  brake  position.  All  other  longitudinal  -.alues  acre  scith  the  L  1  propeller 
in  the  engaged  position. 

oo  The  high  force  gradient  masked  the  breakout  forces  from  the  pitot. 

satisfactory'.  At  wing  angles  of  40 
to  60  decrees  the  longitudinal  and 
lateral  breakout  forces  were  within 
the  limits  of  AG ARC  408  and  were 
satisfactory.  The  directional 
breakout  forces  exceeded  these  re¬ 
quirements.  At  a  wing  ancle  of  90 
degrees,  the  longitudinal  and  lat¬ 
eral  breakout  forces  were  within  the 
limits  of  AGAPD  408,  while  longi- 


tudin&l  breakout  forces  exceeded 
the  requirements  of  MIL-H-8501A  at 
trim  settings  of  neutral  and  one- 
half  noseup  but  were  acceptable. 

The  directional  breakout  forces 
failed  to  meet  the  minimum  require¬ 
ments  of  both  AGARD  408  and  Military 
Specification  MIL-H-8501A  and  should 
be  decreased  Acceptability  of  the 
breakout  forces  was  determined  from 
pilot  comments,  regardless  of 
specification  requirements. 

3  LONGITUDINAL  TRIM  CHANGES 

Longitudinal  trim  changes  due 
to  wing  and  flap  movements  were 
qualitatively  evaluated  and  found 
to  result  in  less  than  5  pounds 
stick  force  (CR  2) .  The  trim 
changes  associated  with  landing 
gear  extension  at  constant  altitude 
are  listed  in  table  IX. 


TABLE  IX 

LONGITUDINAL  TRIM  CHANGES 
FOR  LANDING  GEAR  EXTENSION  AT  CONSTANT  ALTITUDE 


Trim 

Altitude 

Flaps 

Power 

Wing 

Angle 

Long.  Feel 
Force  Sel- 

Trim 

Change 

(KCAS) 

(r) 

(<i»g) 

(d=g) 

ccted 

(lb) 

174 

1200 

0 

PLF 

0 

Hover 

2  Pull 

135 

1300 

30 

PLF 

0 

Cruise 

5  Pull 

II  STATIC  LONGITUDINAL  STABILITY 

Static  longitudinal  stability 
tests  were  conducted  at  a  mid  eg 
of  20.7-percent  MGC  in  the  cruise  ' 
configuration  from  a  trim  speed  of 
205  REAS  at  10  710  feet.  The  test 
technique  used  was  to  stabilize  at 
airspeeds  above  and  below  the  trim 
airspeed  at  a  constant  power 
setting.  The  static  longitudinal 
stability,  as  indicated  by  the 
variation  of  URT  position  and 
longitudinal  stick  force,  was 
positive  but  low.  Test  results  are 
presented  in  figure  19,  appendix  T. 


Th  trimmability  and  control¬ 
lability  were  good  (CR  2).  Air¬ 
craft  response  to  pitch  and  roll 


control  inputs  was  good.  Although 
the  static  longitudinal  stability 
was  low,  it  was  easy  to  control 
airspeed  during  cruise  (CR  3) . 


■  DYNAMIC  LONGITUDNAL  STABILITY 

Aircraft  longitudinal  dynamic 
stability  tests  were  conducted  in 
the  cruise  configuration  at  a  20.7- 
percent  MGC  eg  at  210  KCAS  and 
10  200  feet  altitude.  All  SAS  was 
phased  out.  The  longitudinal  short 
period  was  deadbeat  at  these  test 
conditions  and  was  satisfactory. 

Longitudinal  long-period 
(phugoid)  tests  were  conducted  at 
the  test  conditions  listed  above 
by  displacing  the  aircraft  from 
trim  by  i  10  knots.  -The  resulting 
oscillations  were  lightly  camped 
with  a  period  of  4-7  secom.s ,  which 
was  satisfactory. 

LONGITUDINAL  FEEL  AND  TRIM  SYSTEM 


The  XC-142A  was  equipped  with 
an  irreversible  fully— powered  con¬ 
trol  system.  For  cruise  flight, 
the  longitudinal  stick  force 
gradient  and  trim  rate  varied  with 
UHT  trim  position.  The  gradient 
was  increased  and  the  trim  rate 
was  decreased  with  increasing 
nosedown  trim  (increasing  speed) . 

In  the  V/STOL  flight  regime  with 
the  tail  propeller  switch  in  the 
"beta"  position,  the  longitudinal 
feel  andj  trim  linkages  were 
positioned  at  a  minimum  gradient. 
Trim  rate  was  constant  and  the 
force  gradient  wTas  essentially 
linear  with  both  rate  and  Gradient 
independent  of  UHT  trim  position 
and  wing  angle. 

The  cruise  feel  force  gradi¬ 
ents  were  increased  during  this 
evaluation  to  give  better  high¬ 
speed  handling  qualities.  This 
resulted  in  objectionable  control 
forces  during  landing  with  the  tail 
propeller  braked.  To  alleviate 
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this  problem,  a  feel  force  switch 
was  installed  in  the  cockpit  to 
enable  selection  of  hover  feel 
forces  with  the  tail  propeller 
braked.  This  change  was  satis¬ 
factory.  Further  discussion  is 
included  in  the  Maneuvering  Flight 
section. 

■  MANEUVERING  FLIGHT 

The  maneuvering  flight  charac¬ 
teristics  of  the  XC-142A  wore  in¬ 
vestigated  at  a  eg  of  20.7-percent 
MGC  and  at  one  gross  weight  during 
steady  turns  in  the  cruise  config¬ 
uration  at  210  KCAS  and  11  000  feet. 
The  longitudinal  stick  force  gra¬ 
dient  (14.5  pounds  per  g)  was  be¬ 
low  the  minimum  requirements  of 
MIL-F-8785 (ASG)  for  a  class  II 
(cargo)  airplane.  It  was  within 
the  limits  of  LTV  Estimated  Flying 
Qualities  Report  No.  2-53310/4R939 
which  specified  the  limits  for  a 
class  III  (fighter)  airplane. 
Although  the  longitudinal  stick 
force  gradient  met  the  design  re¬ 
quirement,  the  design  limit  load 
factor  of  3  g's  could  be  attained 
with  about  29  pounds  pull  and 
about  1  inch  movement  of  the  stick. 
If  the  aircraft  was  not  kept  in 
trim  during  level  flight  accel¬ 
eration,  the  stick  force  per  g 
would  be  considerably  lighter. 

This  was  a  fighter  type  force  gra¬ 
dient  in  an  aircraft  designed  to  a 
cargo  type  load  factor  and  was  un¬ 
satisfactory  (CR  4) .  The  gradient 
should  be  increased  to  meet  the 
minimum  requirements  of  a  class  II 
airplane  in  the  cruise  configura¬ 
tion.  Test  results  are  presented 
in  figure  20,  appendix  I.  (B  17) 

The  flight  envelope  limits 
existing  during  this  evaluation 
(245  KEAS  and  2  g's)  were  too  re¬ 
strictive  to  adequately  define  the 
XC-142A  maneuvering  flight  charac¬ 
teristics.  These  limits  shoy)id  be 
expanded  to  at  least  300  K5AS  and 
2.4  g's  for  Category  XX  tests,  but 
even  more  desirable  wcfuld  be  Vmax 
at  3  g'S.  (C’  4 ,  D  13)  v 


■  DIRECTIONAL  STABILITY  IN  CRUISE 

Static  directional  stability 
characteristics  were  investigated 
in  steady  sideslips  at  a  trim  air¬ 
speed  of  208  KCAS  at  an  altitude 
of  10  210  feet.  The  sideslip  angle 
limit  established  by  the  contractor 
was  +  5  degrees.  The  maximum 
cruise  sideslip  limits  should  be 
determined.  (C  7) 

The  rudder  deflection,  force 
required,  and  the  static  direc¬ 
tional  stability  were  low  (CR  4). 
There  was  a  tendency  to  overcontrol, 
since  the  directional  control 
effectiveness  was  high.  The 
rudder  forces  should  be  increased 
for  cruise.  (C  18) 

The  dihedral  effect  and  side 
force  characteristics  were  positive 
and  essentially  linear  with  changes 
in  sideslip  angles  up  to  +  5  de¬ 
grees.  The  side  forces  at  5  de¬ 
grees  of  sideslip  were  strong 
enough  that  the  pilot  would  not 
fly  there  without  some  reason. 

The  static  directional  stability 
was  slightly  positive  over  the 
range  tested.  It  could  be  con¬ 
sidered  linear  within  the  range  of 
normal  data  scatter,  although  a 
flattening  of  the  curve  (rudder 
position  versus  sideslip  angle) 
can  be  observed  in  figure  18, 
appendix  I.  The  longitudinal 
stick  force  change  caused  by  side¬ 
slip  was  satisfactory  up  to  side¬ 
slip  angles  of  5  degrees. 

Dynamic  lateral-directional 
stability  was  evaluated  by  makinq 
releases  from  5-degree  sideslip 
angles.  The  resulting  oscillations 
damped  completely  in  three-quarters 
of  a  cycle,  but  the  time  to  damp 
was  7.5  seconds  which  was  objec¬ 
tionably  long  to  the  pilot  (CR  5) . 

■  LATERAL  CONTROL 

Qualitatively,  the  lateral 
control  effectiveness  was  quite 
high,  especially  for  a  transport 
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type  aircraft  (CR  2).  The  maximum 
safe  roll  rate  limits  should  be 
determined.  (C  8) 
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STALL  APPROACHES 

Full  stalls  were  not  made  in 
the  XC-142A,  but  power-on  stall 
approaches  to  heavy  buffet  were 
made  at  the  configurations  shown 
in  table  X.  Stalls  should  be  in¬ 
vestigated  in  the  cruise  configu¬ 
ration  and  in  a  10/30  degree  CA 
landing  configuration.  (C  6) 


TABLE  X 

STALL  APPROACH  SUMMARY 


Tail  Prop  Braked  Landing  Gear  Up 
eg  =  21-percent  MGC  10  000  feet 


Power  for  Level  Flight 


Conversion 

Gross  Weight 

Prop 

Trim  Speed 

Buffet  Onset 

Minimur.  Speed 
Attained  (KIAS) 

Angle  (deg) 

(lb) 

(pet  rpm) 

Engine  shp 

(KIAS) 

Speed  (KIAS) 

0/0 

36  500 

75 

760 

155 

147 

122 

0/30 

36  300 

91 

990 

107 

90 

68 

14/30 

36  000 

91 

920 

77 

64 

58 

In  the  cruise  configuration, 
buffet  onset  occurred  at  147  KIAS 
and  increased  to  heavy  buffet  at 
122  KIAS.  Stability  and  control¬ 
lability  were  good  throughout. 

There  was  a  slight  deterioration 
in  roll  control  at  122  KIAS.  The 
stall  approach  was  terminated  at 
this  speed  because  of  the  buffet 
intensity.  A  time  history  of  this 
stall  approach  is  presented  in 
figure  25,  appendix  I. 

At  a  CA  of  0/30  degrees^  buffet 
onset  occurred  at  90  KIAS.  There 
was  light  buffet  down  to  68  KIAS 
where  the  aircraft  pitch  attitude 
was  approximately  12  degrees  nose- 
up.  The  stall  approach  was  termi¬ 
nated  at  this  speed  because  the 
No.  2  engine  oil  was  overheating. 

At  a  CA  of  14/30  degrees^ 
buffet  onset  occurred  at  64  KIAS. 
The  stall  approach  was  terminated 
at  58  KIAS  in  heavy  buffet  at  a 
pitch  attitude  of  11  degrees  nose- 


up.  Control  about  all  axes  was 
still  good  and  recovery  was  imme¬ 
diate  upon  application  of  power. 

A  time  history  of  this  stall 
approach  is  presented  in  figure  26 , 
appendix  I. 


For  the  configurations  in¬ 
vestigated,  recovery  from  prestall 
buffet  was  immediate  upon  power 
application.  The  prestall  handling 
characteristics  and  recovery  from 
prestall  buffet  were  good.  Stall 
warning  characteristics  were  good, 
but  in  the  cruise  configuration 
the  airspeed  margin  for  stall 
warning  (25  KIAS)  was  too  large 
and  the  buffet  onset  speed  (147 
KIAS)  was  too  high.  Because  of 
the  high  buffet  onset  airspeed, 
light  buffet  was  encountered  at  the 
speed  for  maximum  rate  of  climb. 

The  buffet  onset  speed  should  be 
reduced  in  the  cruise  configuration. 
(C  20) 
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PLIGHT  TEST  INSTRUMENTATION 


Existing  contractor-installed 
Category  I  flight  test  instrumen¬ 
tation  was  used  to  record  data 
during  this  evaluation.  Although 
it  was  satisfactory  for  Cateqory  I 
aircraft  dev.  'opment.  requirements, 
it  will  not  be  adequate  for  Category 
II  tests  to  define  specific  air¬ 
craft  characteristics.  Additional 
parameters  and  improved  accuracies 
will  be  required.  The  instrumen¬ 
tation  should  be  modified  to  comply 
with  Category  II  requirements. 

(B  78) 

AIRSPEED  CALIBRATION 

A  calibration  of  the  XC-142A 
noseboom  airspeed  system  was  made 
in  the  cruise  configuration  over  a 
range  of  airspeeds  at  10  000  and 
25  000  feet  by  the  stabilized 
pacer  method.  The  XC-142A  indi¬ 
cated  airspeeds  and  altitudes  were 
obtained  from  AFFTC  instruments 
which  had  been  carefully  selected 
for  their  low  hysteresis  and  high 
repeatability.  These  instruments 
had  been  recently  calibrated  and 
were  mounted  in  the  XC-142A  photo¬ 
panel  for  these  tests.  The  pacer 
was  a  calibrated  AFFTC  T-37. 

The  airspeed  calibration  of 
the  XC-142A  noseboom  system  is 
presented  in  figure  13,  appendix  I. 


EMERGENCY  OPERATIONS 

GEAP.’JOX  OR  PROPELLER  FAILURE 

The  inboard  propellers  could 
be  feathered  separately,  but  both 
outboard  propellers  had  to  be 
feathered  simultaneously.  Any 
engine  could  be  shut  down  without 
stopping  the  propellers.  These 
operations  were  demonstrated  in 
flight  by  the  contractor.  The 
contractor  pilot's  comments  re¬ 
garding  aircraft  handling  qualities 
while  feathering  the  two  outboard 
propellers  .*7e re  es  follows* 


"At  5000  feet,  164  KIAS, 
landing  gear  was  extended  and  the 
CSD  generator  was  turned  off  to 
insure  that  the  APU  generator  could 
carry  the  load.  After  resetting 
the  yaw  and  roll  stabilization  sys¬ 
tems  and  connecting  the  copilot's 
collective  to  the  beta  linkage, 
the  No.  1  declutch  and  feather 
buttons  were  pressed.  The  No.  1 
and  4  propellers  were  immediately 
observed  going  to  a  feathered 
position,  and  the  No.  1  and  4 
engines  were  shut  down.  Power  was 
advanced  on  the  No.  2  and  3  engines 
to  maintain  160  KIAS  while  direc¬ 
tional  damping  and  roll  control 
were  briefly  evaluated.  No  unde¬ 
sirable  characteristics  were  ob¬ 
served  but  considerable  "crosstalk" 
(unsynochronized  propeller  beat  - 
Editor)  was  apparent  between  No.  2 
and  3  propeller  speeds.  Flaps  were 
extended  to  30  degrees,  and  at  120 
KIAS  the  emergency  hover  longitu¬ 
dinal  feel  forces  were  selected. 

With  the  copilot  controlling  pro¬ 
peller  speed  at  90  percent  with  the 
collective  stick,  lateral-directional 
characteristics  were  evaluated  at 
wing-flap  settings  of  5/30  and 
10/30.  The  descent  boundary  was 
investigated  in  both  configurations. 
The  10/30  setting  was  better  in 
roll  control  and  yielded  a  1000-fpm 
descent  rate,  buffet  free,  at  92 
KIAS  trim  speed.  A  rather  long 
final  approach  was  flown  at  10/30 
with  an  85-KIAS  trim  speed.  Touch¬ 
down  was  made  at  80  KIAS  with  the 
copilot  applying  flat  propeller 
pitch  as  throttles  were  retarded 
to  idle.  With  a  propeller  feathered 
and  the  respective  gearcase  stopped, 
the  gearcase  caution  light  glowed. 
Because  there  was  only  one  caution 
light  for  the  six  gearcases,  a 
subsequent  high  temperature  or  low 
pressure  in  an  operating  gearcase 
could  go  unobserved." 


The  contractor  pilot's  com¬ 
ments  on  aircraft  handling  qualities 
with  one  inboard  propeller  feathered 
were  as  follows: 
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"Following  a  35/30  takeoff, 
the  airplane  was  cleaned  up,  climbed 
to  5000  feet  and  stabilized  at  164 
KIAS  with  75-percent  propeller  rpm. 
The  landing  gear  was  extended. 

The  No.  3  declutch  and  feather 
buttons  were  pressed,  and  the^No. 

3  engine  secured.  Trim  change  was 
easily  controlled  with  moderate 
rudder  and  aileron  inputs.  The 
directional  damping  and  left  and 
right  1/4-aileron  rolls  were  eval¬ 
uated.  The  collective  was  "hooked 
up"  and  the  airplane  slewed  to  120 
KIAS  with  30-degree  flaps.  With 
power  for  level  flight,  full  left 
rudder  trim  was  required  plus 
moderate  left  pedal  input.  Aileron 
trim  input  was  moderate.  Rudder 
required  in  this  configuration  in¬ 
creased  to  nearly  full  deflection 
as  power  was  applied  to  climb. 

The  wing  was  then  raised  to  5 
degrees  which  alleviated  a  portion 
of  the  directional  control  nroblem 
except  at  climb  power  -;hen  near 
maximum  rudder  input  was  necessary. 
Again  lateral  control  was  adequate. 
With  10  degrees  of  wing  and  30 
degrees  of  flaps  an  immediate  de¬ 
crease  in  rudder  required  to  trim 
was  apparent,  probably  due  to 
differential  beta  input.  Roll 
control  remained  adequate  and  at  a 
trim  speed  of  82  KIAS  the  buffet 
onset  occurred  at  600  fpm.  From 
600  fpm  descent  rate,  a  moderate 
power  input  was  made  resulting  in 
500  fpm  climb  with  no  adverse  con¬ 
trol  requirements.  The  airplane 
was  then  returned  to  the  field  and 
landed  in  the  10/30  configuration. 
At  the  touchdown  speed  of  80  KIAS, 
•moderate  right  rudder  and  aileron 
were  required  to  counteract  the 
nose  left  swer ve  tendency." 

■  GOVERNOR  FAILURE 

Failure  of  the  propeller 
governor  was  demonstrated  as  part 
of  the  military  crew  checkout. 

This  failure  was  handled  in  a 
routine  manner  by  employing  "beta 
backup"  procedures  where  the  co¬ 
pilot,  through  collective  lever 


movement,  controlled  propeller  rpm 
as  power  was  being  changed  by  the 
pilot.  This  procedure  was  satis¬ 
factory  and  it  appeared  that  most 
missions  could  be  completed  in 
this  manner. 

■  ENGINE  FAILURE 

There  were  no  changes  in  air¬ 
craft  handling  characteristics 
following  engine  failure  or  shut¬ 
down  in  cruise.  No  engines  were 
shut  down  in  hover.  The  cross¬ 
shafting  should  prevent  any  control 
difficulties  in  the  event  of  an 
engine  failure  during  hover. 


■  SAS  OFF  OPERATION 

Dual  rate  damping  augmentation 
was  provided  about  all  three  con¬ 
trol  axes,  and  dual  attitude  hold 
was  provided  abou  the  pitch  and 
roll  axes.  Pitch  rate  stabilization 
was  provided  when  the  tail  propeller 
was  engaged.  Roll  rate  and  atti¬ 
tude,  yaw  rate,  and  pitch  attitude 
stabilization  were  provided  when 
the  wing  was  above  zero  degrees; 
stabilization  authority  was  zero 
at  zero  degrees  of  wing,  and  was 
phased  in  linearly  with  wing  angle 
becoming  100  percent  effective  at 
15  degrees  and  above.  A  single 
channel  altitude  rate  damper  was 
provided.  Flight  with  single 
channel  and  dual  channel  failure 
about  each  axis  and  all  channels 
disabled  was  demonstrated  by  the 
contractor  over  the  entire  operating 
regime  from  hover  through  con¬ 
version  and  reconversion.  Generally 
speaking  the  aircraft  control  was 
satisfactory  for  the  test  conditions; 
however,  the  degree  of  pilot  skill 
required  to  satisfactorily  control 
the  aircraft  with  SAS  off  in¬ 
creased  sharply  with  gusting  wind 
conditions.  Caution  was  necessary 
to  avoid  developing  appreciable 
rates  /  especially  about  the  roll 
axis.  v 
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Although  no  complete  vertical 
takeoffs  and  conversions  were  made 
with  all  SAS  off  by  military  pilots, 
several  were  made  with  one-half  SAS 
in  all  axes,  and  on  one  conversion, 
complete  SAS  was  lost  and  reengaged 
several  times.  There  was  very 
little  deterioration  in  aircraft 
flying  qualities  with  one-half  SAS 
except  for  a  slight  but  noticeable 
decrease  in  roll  damping.  The 
1/2-SAS  condition  did  not  require 
any  unusual  pilot  inputs  and  the 
aircraft  was  easily  controlled. 

The  contractor  later  demonstrated 
a  complete  vertical  takeoff,  con¬ 
version,  reconversion,  and  vertical 
landing  (verticircuit)  successfully 
with  all  SAS  off. 


Time  histories  of  a  SAS  OFF 
conversion,  a  reconversion,  and  a 
hover  are  shown  in  figures  28,  30, 
and  31,  respectively,  in  appendix 
I.  The  allowable  SAS  off  flight 
limits  should  be  completely  de¬ 
fined.  (C  10) 

The  contractor  pilot's  com¬ 
ments  and  conclusions  on  SAS  OFF 
hovering  and  converisons  were  as 
follows : 

"Handling  characteristics  while 
in  the  hover  were  satisfactory  with 
1/2-axis  operation  in  pitch  and 
roll  and  with  the  yaw  axis  inoper¬ 
ative.  Total  pitch  system  out,  in 
combination  with  one-half  roll  and 
all  other  axes  out  required  extra 
pilot  attention  to  pitch  attitude 
control  and  some  minor  excursions 
from  the  desired  attitude  were 
considered  normal.  Roll  axis  out 
or  complete  SAS  off  characteristics 
required  total  pilot  attention  in 
attitude  control  with  the  emohas^s 
on  roll  attitude  control.  Strong 
roll  inertia  was  present  which 
had  to  be  anticipated  when  making 
bank  angle  corrections.  Pilot 
learning  in  the  all  axes  "off" 
configuration  was  evident  and  may 
influence  the  Cooper  Rating  as 
learning  increased. 


"Conversions  and  reconversions 
with  the  SAS  inoperative  were 
acceptable  for  emergency  conditions. 
One-half  SAS  inoperative  in  any 
combination  of  axes  presented  no 
difficulty  in  control  and  only  a 
small  change  in  flight  character¬ 
istics.  Complete  SAS  off  in  yaw 
axis  was  reflected  in  a  moderate 
increase  in  rudder  pedal  activity, 
particularly  when  near  the  ground 
in  the  hover.  Complete  SAS  off  in 
the  pitch  axis  was  characterized 
by  a  slight  tendency  toward  PIO4 
due  to  high  control  effectiveness 
and  light  stick  forces.  Complete 
SAS  off  in  the  roll  axis  was  the 
most  critical  due  to  the  high  con¬ 
trol  power  available  coupled  with 
high  inertia  effects.  The  natural 
period  in  roll  was  relatively  lor.a 
and  allowed  the  pilot  to  act  as 
the  stabilizino  influence.  If  the 
pilot  generated  significant  roll 
rates  intentionally,  correction 
to  a  zero  bank  angle  required 
considerable  effort.  The  aircraft 
had  to  be  flown  smoothly  and  bank 
angle  corrections  performed  at 
reduced  rates  minimize  roll 
inertia  effects." 

SYSTEMS  EVALUATION 

■  AIRFRAME 

•  DESCRIPTION 

The  fuselage  was  of  semi- 
monocoque  construction  and  was 
divided  into  the  nose,  mid,  and 
aft  sections.  The  cockpit  con¬ 
tained  a  side  by  side  pilot  and 
copilot  seating  arrangement  with 
zero-zero  rocket- type  ejection 
seats . 

The  wing  was  mounted  high  on 
the  fuselage  and  was  capable  of 
being  tilted  upward  to  a  maximum 
angle  of  98  degrees  from  the 
horizontal  for  hover  and  transition. 
The  wing  group  consisted  of  the 


Pilot  induced  oscillation. 
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basic  wing  structure,  ailerons, 
leading  edge  slats,  trailing  edge 
flaps,  engine-propeller  cross- 
shafting,  gearboxes,  and  four 
engine  nacelles. 

The  tail  group  included  a 
unit  horizontal  tail  (UHT) ,  verti¬ 
cal  stabilizer,  rudder,  and  tail 
propeller  boom.  The  tail  propeller 
boom  consisted  of  a  structural 
member  which  was  attached  to  the 
aft  fuselage  section  below  the 
vertical  stabilizer  and  extended 
aft  of  the  rudder.  The  tail  pro¬ 
peller  shafting  was  housed  in  the 
boom,  and  the  tail  propeller  gearbox 
and  propeller  were  attached  to  the 
end  of  the  boom.  The  tail  pro¬ 
peller  was  oriented  in  a  horizontal 
plane  to  provide  pitch  control  in 
VTOL,  STOL,  and  hover. 

The  cargo  compartment  was 
7  1/2  feet  wide,  7  feet  high,  and 
30  feet  long  and  was  designed  to 
accommodate  32  fully-equipped 
troops  or  3C  fully-equipped  para¬ 
troops  .  Access  to  the  cargo  com¬ 
partment  was  through  the  aft  cargo 
door.  A  loading  ramp  and  two  de¬ 
tachable  dock  boards  were  used  for 
loading  operations.  Floor-mounted 
cargo  tiedown  fittings  with  5000- 
and  10  000— pound  capacities  were 
located  at  regular  intervals . 

The  aerial  delivery  equipment 
proposed  for  the  aircraft  consisted 
of  roller  conveyors  that  could  be 
installed  on  each  side  of  the 
cargo  compartment  floor  and  ramp, 
and  a  pendulum  extraction  system 
to  discharge  an  extraction  chute 
from  the  aircraft.  This  equipment 
was  not  available  for  evaluation. 

•  FUNCTION'AL  'ANALYSIS 

escape  hatch 

The  rear  escape  hatch  tore 
loose  during  flight  at  aoproxi- 
matelv  280  KIAS  and  causeo  some 
damage  to  the  leading  edge  of  the 
UHT.  Loss  of  the  door  was  attri¬ 


buted  to  a  structurally  weak  hinge 
point  which  should  be  strengthened 
on  all  XC-142A  aircraft  to  with¬ 
stand  airspeeds  through  Vmax. 

(C  30) 

windshield 

Above  215  KIAS,  the  windshield 
vibrated  at  a  low  frequency  which 
could  be  felt  with  the  hand  and 
was  visible  on  the  surface  of  the 
windshield.  This  vibration  caused 
a  pulsating  pressure  in  the  cock¬ 
pit.  The  strengths  of  the  wind¬ 
shields  should  be  reevaluated,  and 
the  effects  of  the  vibrations  on 
their  fatigue  life  should  be  de¬ 
termined.  The  cause  of  the 
vibrations  should  be  determined 
and  the  vibrations  should  be 
eliminated.  (C  24) 

The  windshields  of  the  XC-142A 
aircraft  were  not  impact-proof. 

Any  production  aircraft  should  be 
equipped  with  impact-proof  wind¬ 
shields.  (D  25) 

The  large  amount  of  window 
area  in  the  cockpit  caused  an  ex¬ 
treme  temperature  rise  inside  the 
cockpit.  On  a  warm  clear  day  the 
temperature  rose  as  much  as  35 
degrees  F  above  ambient.  This 
temperature  differential  was  re¬ 
duced  by  painting  the  overhead 
window  panels.  This  paint  elimi¬ 
nated  overhead  visibility.  Wjndov/s 
of  this  type  should  be  installed 
on  V/STOL  aircraft  to  permit  over¬ 
head  visibility.  Consideration 
should  be  given  to  using  curtains 
on  these  windows,  but  they  should 
be  compatible  with  ejection  seat 
operations.  (D  34) 

walkways 

The  walkways  on  top  of  the 
fuselage  and  wing  appeared  to  be 
adequate.  The  upper  cargo  door 
(in  the  up  position)  was  also 
utilized  as  a  walkway  by  the 
maintenance  personnel.  A  walkway 
should  be  provided  on  this  surface 


if  it  would  not  interfere  with  the 
airflow.  If  a  walkway  is  not 
feasinle,  a  protective  cover  should 
be  provided.  (C  32) 

personnel  entrance  door 

The  personnel  entrance  door 
opened  inadvertently  in  flight. 

This  was  attributed  to  the  lack  of 
an  overcentering  lock.  The  door 
lock  was  modified  to  include  an 
overcenter  mechanism.  The  over¬ 
center  lock  should  be  incorporated 
on  all  XC-142A  aircraft.  (B  28) 

access  panels 

Many  access  panels  were 
attached  with  screws  rather  than 
Dzus  or  camlock  fasteners.  One 
example  was  the  access  panel  to 
the  connectors  for  the  hydraulic 
power  cart  which  required  frequent 
removal,  yet  contained  96  screws. 
Unless  access  panels  are  stress 
panels,  they  should  be  attached 
with  Dzus  or  camlock  type  fasteners 
to  facilitate  maintenance.  (D  33) 

fuselage  shaft  tunnel 

Failure  of  the  tail  propeller 
shaft  could  damage  the  fuselage 
shaft  tunnel  in  the  fuel  cell  area 
and  rupture  the  fuel  cells. 
Shielding  should  be  provided  in 
the  fuel  cell  area  on  production 
aircraft.  (D  31) 

front  air  deflectors 

On  several  occasions  the 
mechanically-actuated  front  air 
deflector  operated  out  of  sequence 
and  was  damaged  when  the  wing  was 
lowered.  The  deflector  v/as  de¬ 
signed  to  follow  wing  movements 
through  the  use  of  beilcranks  and 
pushrods.  A  reliable  system  of 
actuating  the  front  air  deflector 
in  the  proper  sequence  should  be 
incorporated.  (B  29) 

The  area  near  the  wing  and 
air  deflectors  on  top  of  the  fuse¬ 


lage  was  dangerous  to  maintenance 
personnel  due  to  movement  of  the 
air  deflectors  and  wing. 

wing 

There  were  two  failures  during 
the  static  wing  structural  tests 
at  approximately  110  percent  of 
the  limit  load  for  a  50— fps  gust 
at  350  KEAS.  A  portion  of  the 
upper  skin  buckled  and  severely 
damaged  ribs,  stringers,  and  spars. 
The  static  wing  should  be  modified 
and  tested  to  the  desired  150- 
percent  limit  load.  (D  27) 

Wing  ribs  on  the  aircraft 
cracked  during  the  50-hour  tiedown 
test  and  during  the  early  portion 
of  the  flying  program.  These 
cracks  were  attributed  to  vibration. 
Redesigned  ribs  were  installed  on 
the  No.  1  aircraft  wing  and  the 
static  wing.  The  wings  on  the  re¬ 
maining  aircraft  should  also  be 
modified.  (C  26) 

uni!  horizontal  tail  (UKT) 

The  UHT  torque  box  skin 
cracked  along  several  lines  of 
rivet  holes .  Some  cracks  were  as 
long  as  6  inches.  The  reason  for 
failure  was  a  combination  of  high 
vibration  and  inadequate  riveting 
techniques.  The  general  quality 
of  the  skin  installation  was  poor 
and  the  skin  buckled  between  rows 
of  rivets.  All  the  UHT's  were 
modified  by  strengthening  the 
torque  box  skin.  The  vibration 
level  v/as  reduced  by  improving  the 
airflow  over  the  UHT  through  the 
addition  of  nacelle  oil  cooler 
cutout  doors. 

nacelle  cooling 

During  the  first  few  flights 
of  the  XC-142A,  high  temperatures 
were  indicated  by  the  engine  fire 
v/arninq  lights  in  all  four  nacelles. 
Investigations  revealed  a  reverse 
flow  of  exhaust  gas  into  the  nacelle 
area  due  to  low  pressures  in  the 
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nacelle.  The  problem  was  corrected  ■ 
by  extending  the  engine  tailpipes 
and  providing  additional  nacelle  • 

seals . 

engine  o*l  temperature 

During  early  flights  of  tne 
XC-142/i,  high  engine  oil  tempera¬ 
tures  were  encountered  during 
operation  with  wing  incidence 
angles  greater  than  2G  degrees. 

The  wing  had  to  be  lowered  to 
allow  the  temperatures  to  decrease. 

The  problem  was  relieved  by  cutting 
cooling  air  exits  just  behind  the 
oil  cooler.  Hydraulically-actuated 
doors  were  installed  to  close  the 
ducts  for  cruise. 


cargo  loading 

A  winch  was  not  provided  to 
facilitate  cargo  loading.  A  pro¬ 
duction  cargo  aircraft  should  have 
a  winch.  It  should  be  determined 
if  the  existing  cargo  tiedowns  are 
satisfactory  as  attachment  points 
for  snatch  pulleys  to  facilitate 
loading  cargo  into  the  cargo  com¬ 
partment.  A  snatch  pulley  arrange¬ 
ment  would  allow  routing  of  the 
cable  from  the  cargo  through  the 
front  personnel  entrance  door. 

The  cargo  could  then  be  pulled  into 
the  carqo  compartment  by  a  vehicle. 
If  present  tiedowns  are  unsuitable, 
hard  points  should  be  provided  for 
snatch  pulleys.  (D  37,  D  38) 


aerospace  ground  equipment  (AGE) 

There  was  no  opportunity  to 
evaluate  the  adequacy  of  jack  pads, 
dollies,  hoists,  etc.  It  was  noted 
however,  that  wing  jacks  were  not 
required.  The  aircraft  could  be 
jacked  with  fuselage  or  axle  jacks. 
The  jacks  used  by  the  contractor 
were  not  in  the  Air  Force  inventory 
since  they  had  to  be  short  and  yet 
havo  a  long  stroke.  The  required 
jacks  should  be  provided.  (B  35) 


DESCRIPTION 

The  XC-142A  was  powered  by 
four  T64-GE-1  turboshaft  engines, 
each  rated  at  2850  maximum  shaft 
horsepower.  Each  engine  drove 
its  corresponding  integral  gearcase 
(IGC)  and  propeller  through  an 
overrunning  clutch.  Cross-shafting 
driven  from  the  IGC  allowed  all 
four  propellers  to  be  driven  by  a 
single  engine.  Each  engine  was 
starced  by  using  hydraulic  power 
from  another  engine  or  from  the 
APU  starter-pump. 

A  retractable  air  inlet  screen 
was  mounted  in  each  nacelle  to 
prevent  entry  of  foreign  objects. 
These  screens  were  in  place  with 
the  landing  gear  down,  and  re¬ 
tracted  with  the  landing  gear  up. 

•  RNCTl'INAI.  ANALYSIS 

engine  stall  characteristics 

Rapid  throttle  transients 
during  flight  did  not  induce  com¬ 
pressor  stalls  in  the  T64-GE-1 
engine  under  the  conditions  in¬ 
vestigated.  Table  XI  shows  a 
summary  of  rapid  throttle  transient 
tests  accomplished  by  the  contractor. 

TABLE  XI 

RAPID  THROTTT  E  TP.  .*  '-SIZ'..  .  3 


Throttle 

Movement 

Time 

(see) 

Airspeed 

(K1AS) 

Altitude 

(a) 

1  /4  -  Pull 

2 

215-225 

10  200 

Puli  -  1/4 

2 

225-215 

1C  200 

1/4  -  Full 

2 

215  230 

10  100 

Full  -  1/4 

2 

230-215 

10  100 

1/4  -  Full 

2 

165-180 

10  iOO 

Full  -  1/4 

2 

130-165 

10  100 

1/4  -  Full 

1 

-  -165 

10  100 

Full  -  1/4 

1 

-  -165 

10  100 

1/4  -  Full 

3 

165-180 

10  000 

Full  -  1/4 

3 

18C-165 

10  000 

1/4  -  Full 

4 

165-180 

10  000 

Full  -  1/4 

4 

ISO- 1 65 

10  000 
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Compressor  bleed-valve  oper¬ 
ation  was  controlled  by  the  engine 
starting  circuit  and  the  bleed 
valve  could  not  be  manually  oper¬ 
ated.  Thus,  compressor  bleed 
valve  effect  on  rapid  throttle 
transients  could  not  be  determined. 
Compressor  stalls  occurred  only 
during  ground  start  cycles  and  as 
a  result  of  compressor  bleed-valve 
malfunction. 

free  turbine  lubrication 

During  engine  shutdown  in 
flight  the  drag  induced  by  the 
starter-pump  was  sufficient  to 
prevent  or  limit  windmilling  of  the 
gas  generator  turbine  while  the 
power  turbine  was  free  to  rotate. 
Table  XII  shows  a  summary  of  in¬ 
flight  engine  data  from  the  No.  3 
aircraft.  From  these  data  it  can 
be  seen  that  even  though  there  was 
no  rotation  of  the  gas  generator 
turbine,  the  overriding  clutch  be¬ 
tween  the  IGC  and  the  power  turbine 
had  sufficient  drag  to  cause 
rotation  of  the  power  turbine. 

TABLE  XXI 


XC-142A  WINDMILLING  ENGINE  DATA 


Nf  rpra 

Ng  rpn 

Airspeed 

(KIAS) 

Altitude 

(ft) 

1341 

529 

220 

15  400 

1343 

0 

188 

15  200 

16 

164 

18  800 

1109 

20 

182 

15  200 

1123 

9 

171 

15  200 

1769 

46 

186 

25  500 

1361 

o 

178 

25  600 

Since  the  power  turbine  did  not 
stop  rotating  and  its  lubrication 
was  dependent  upon  the  oil  pump 
driven  by  the  gas  generator  turbine, 
the  adequacy  of  the  power  turbine 
bearing  lubrication  was  question¬ 
able.  Additional  studies  should 
be  made  to  determine  the  adequacy 
of  power  turbine  lubrication  when 
the  gas  generator  turbine  is  not 
rotating.  Operating  restrictions 
should  be  established  to  prevent 
engine  damage.  This  was  a  serious 


problem  since  recommended  cruise 
operation  was  with  two  engines 
shut  down.  (C  60) 

starting  time 

Initial  engine  starts  were 
performed  using  the  APU  hydraulic 
pump  assist  to  an  inboard  engine. 
Available  manuals  indicated  that 
starting  times  should  not  exceed 
35  seconds  (to  idle  rpm)  for  a 
standard  day.  Initial  starting 
times  were  almost  double  these 
indicated  maximums .  Either  the 
pressure  losses  were  too  great  or 
the  starter  pump  capacity  was  too 
low  to  meet  the  desired  start 
times.  The  starting  times  should 
be  reduced  to  35  seconds  or  less . 

(D  57) 

Cold  start  data  (below  20 
degrees  F)  were  needed  to  determine 
if  start  times  would  be  appreciably 
extended  at  lower  temperatures  and 
if  any  adverse  engine  start  param¬ 
eters  were  encountered  as  a  result 
of  the  longer  starting  times . 


engine  topping 

The  procedure  for  topping  the 
engines  was  to  set  the  engines  for 
maximum  turbine  inlet  temperature 
(Tt5)  with  the  collective  lever  at 
the  upper  gate.  This  procedure 
gave  the  pilot  no  capability  for 
exceeding  takeoff  power  in  an 
emergency.  The  engines  should  be 
rigged  so  that  takeoff  power  can 
be  exceeded  by  pulling  through  the 
upper  collective  gate.  This  would 
add  to  the  safety  margin  in  case 
of  an  engine  failure  or  ether 
emergency  conditions.  (C  103) 

airstarts 

Airstarts  could  not  be  accom¬ 
plished  from  a  windmill  condition 
because  the  gas  generator  turbine 
did  not  windmill  fast  enough.  All 
airstarts  were  accomplished  by 
using  hydraulic  crossfeed  pressure 
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from  an  adjacent  engine.  Table 
XIII  shows  a  summary  of  airstarts 
completed  by  the  contractor.  All 
starts  were  successful  and  within 
acceptable  time  limits  as  stated  in 
the  engine  operating  instructions. 


of  the  compressor  inlet  and/or  the 
possibility  of  incorporating  a  sep¬ 
arator  should  be  considered  as  aids 
in  reducing  the  FOD  rate.  (C  56) 
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TABLE  XIII 

XC-142A  USAF  S/N  62-5923  T64-GE-1  AIRSTARTS 


Engine 

Source 

Altitude 

AirsDeed 

Time  to 

Cold  Soak 

Started 

(engine) 

(feet) 

(KIAS) 

Idle  (sec)* 

Time  (min) 

4 

3 

15  000 

216 

35 

I 

4 

3 

15  000 

182 

38 

10 

4 

3 

20  000 

199 

35 

1 

1 

2 

15  000 

162 

35 

36 

4 

3 

10  000 

216 

40 

20 

4 

3 

10  000 

217 

33 

- 

2 

2 

2  100 

225 

- 

- 

1 

2 

6  000 

150 

- 

- 

1 

2 

5  500 

207 

- 

- 

4 

3 

5  500 

207 

- 

- 

— 

*Time  to  idle  ?s  the  time  from  beginning  of  N  to  idle  N  . 
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foreign  object  damage  (FOD) 

As  of  1  March  1965  there  was 
a  total  of  1576  hours  of  engine 
operation.  Of  this  total,  154  3 
hours  occurred  during  aircraft 
ground  operations  and  33  hours 
during  flight.  Ten  engines  had 
received  FOD  by  this  time.  Thnc 
of  these  engines  were  damaged  at 
LTV,  two  in  ground  tests,  and  one 
in  hover  flight.  Six  engines  were 
damaged  during  testing  at  Hamilton 
Standard  Division  (HSD)  and  one  at 
Hiller  Aircraft.  Not  all  of  the 
FOD  was  evident  prior  to  engine 
teardc-wn.  The  primary  causes  of 
FOD  were  small  metal  objects  such 
as  nuts,  bolts,  and  rivets. 

Airflow  patterns  using  various 
wing  angles,  power  settings,  etc., 
should  be  studied  in  an  effort  to 
define  those  configurations  that 
are  likely  to  cause  FOD.  Redesign 


The  T64-GE-1  turboshaft  engine 
was  susceptible  to  ingestion  of  oil 
or  hydraulic  fluid.  The  IGC  and 
propeller  hub  were  located  so  chat 
fluid  leaking  from  these  components 
was  drawn  into  the  compressor  and 
caused  contamination.  Noticeable 
power  losses  resulted  from  the  in¬ 
gestion  of  this  hydraulic  fluid. 

LTV  incorporated  a  cleaning  process 
using  Rust-Lick  606  (FSN  6850-066- 
2333)  to  clean  the  enqir.es.  This 
process  satisfactorily  restored 
engine  performance,  although  elimi¬ 
nation  of  the  hydraulic  and  oil 
leaks  from  the  propeller  hub  and 
IGC  would  be  a  better  solution. 

If  engine  cleaning  with.  Rust-Lick 
becomes  a  necessity  during  Category 
II,  a  simple  means  should  be  used 
for  determining  the  allowable 
power  loss  and  corresponding  in¬ 
terval  at  which  the  engine  should 
be  cleaned.  The  procedure  used  by 
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LTV  required  a  ground  runup  of  each 
engine  with  the  wing  in  a  horizontal 
position.  Ambient  temperature, 
torque,  and  pressure  altitude  were 
recorded  for  a  set  propeller  rum. 

The  corrected  shaft  horsepower  v.as 
then  computed  and  compared  with 
the  engines'  reference  curves  to 
determine  the  power  loss.  The 
transfer  valve  and  ICC  hydraulic 
leaks  should  be  corrected.  (C  61} 


specfremetric  ai!  asalysis 

LTV  performed  a  spectrometric 
oil  analysis  on  the  engines  and 
gearcases  after  every  5  flight 
hours.  The  oil  analysis  served  to 
detect  buildup  of  metals  from  worn 
or  damaged  components  in  order  to 
predict  impending  failure.  Pesults 
of  the  LTV  analysis  were  not 
complete . 


A  spectrometric  oil  analysis 
program  should  be  established 
during  the  Category  II  test  program 
to  predict  and  therefore  prevent 
gearcase  failures.  Oil  samples 
should  be  taken  from  the  gearcases 
and  engines  after  each  flight.  Oil 
analysis  data  collected  at  LTV 
should  be  used  as  a  guide  in 
establishing  threshold  limits  and 
trends. 


-was  anplied  to  the  cross-shafting 
at  the  IOC's  so  that  if  one  or 
more  enoines  were  shut  down,  the 
remaining  engines  would  supolv 
power  to  all  four  main  propellers 
and  the  tail  propeller. 

Shafting  from  each  wing  was 
interconnected  by  the  tricirectional 
gearcase  located  in  the  center  wing 
section.  This  gearcase  transmitted 
power  to  the  pivot  gearcase.  The 
pivot  gearcase  transmitted  power 
to  the  tail  propeller  and  accessory 
drives . 


Decouplers  were  used  to  dis¬ 
engage  So.  2  and  3  main  propellers 
from  the  power  tran  mission  system. 
The  propellers  could  then  be  driven 
directly  by  the  No.  2  and  3  engines. 
Number  1  and  4  main  propellers 
could  not  be  disengaged  from  the 
transmission  -/stem.  A  tail  pro¬ 
peller  clutch  engaged  and  disengaged 
the  tail  propeller.  A  brake  sys¬ 
tem  was  used  to  stop  the  tail 
propeller. 

Each  of  the  four  main  pro¬ 
pellers  hac  four  variable  pitch 
blades.  A  master  governor  control 
maintained  propeller  speed.  The 
blades  consisted  of  fiberglass 
airfoils  bended  to  steel  soars. 

The  inboard  main  propellers  could 
be  feathered  individually  after 
being  decoupled.  The  outboard 
propellers  had  to  be  feathered 
together  after  the  inboard  pro¬ 
pellers  were  decoupled  from  the 
cross-shafting. 

The  tail  propeller  vac  used 
to  control  pitch  attitude  curing 
all  V/STOL  flight  modes.  The  p re¬ 
adier  consisted  of  three  variable 
pitch  blades  and  a  control  huh. 

The  blades  had  svnmetricnl  airfoils 
to  provide  either  positive  or  neg¬ 
ative  thrust  and  were  constructed 
similarly  to  the  main  prcoellers. 


frwt  frame  cracks 

Three  T64-GL— 1  engines  were 
removed  for  front  frame  cracks. 

All  three  cr;  ckec  front  frames 
occurred  ds.rinc  testing  at  the 
Propulsion  Integrated  Test  Stand 
(PITS) -  The  General  Electric 
Company  determined  that  the  cracks 
resulted  from  fatigue,  and  was  de¬ 
veloping  a  "bee fun'  to  orevent 
further  front  frame  crack inn . 

Exact  cause  of  the  cracking  cr  ex¬ 
tent  of  the  "beef up"  was  not  known 
at  the  time  of  the  IIP?.  The  front 
frame  should  be  modified  to  r.  re  vent 
cracking.  {3  55) 
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engine  and  IGS  oil  tanks 

A  persistent  problem  was 
breaking  of  the  straps  which  held 
the  engine  and  IGC  oil  tanks.  It 
was  also  difficult  to  position  the 
tanks  during  installation  while 
using  the  straps.  Installation  of 
the  engine  and  IGC  oil  tanks  should 
be  simplified.  (B  59) 

The  oil  tanks  cracked  and 
leaked  early  in  the  program  due  to 
the  lack  of  load  pads  on  the  tanks. 
All  engine  and  IGC  oil  tanks  should 
have  load  pads  to  prevent  cracking. 
(B  58) 

■  POWER  TRANSMISSION  AND  PROPELLERS 

•  DESCRIPTION 

The  power  transmission  system 
interconnected  the  four  main  pro¬ 
peller  IGC's  and  the  tail  propeller 
gearcase.  The  system  consisted  of 
cross-shafting,  a  tridirecticnal 
gearcase,  and  a  pivot  gearcase, 
ar.d  transmitted  power  from  the 
engines  to  the  propellers  and  air¬ 
craft  accessoi  '.es . 

The  cross-shafts  were  located 
in  the  leading  edge  of  the  wing 
between  the  engines  and  in  the  top 
center  of  the  fuselage  from  the 
wing  to  the  tail  propelJer.  Tt  2 
shafts  were  connected  to  the  gear- 
cases  by  flexible  ball  spline 
couplings  which  corapensi' ed  for 
flexing  of  the  airframe.  Power 

«  Fl  NCTION  M.  \N AEYS1S 

operation 

Number  1  and  4  engine  shut¬ 
down  and  propeller  feathering  was 
demonstrated  at  5000  feet  and  164 
KIAS.  All  systems  functioned 
properly  and  safe  landings  were 
demons tratea.  The  feathering  cir¬ 
cuit  was  designed  so  that  the  pro¬ 
pellers  from  engines  No.  1  and  4 
were  feathered  together  to  prevent 
an  asymmetric  flight  condition. 


The  transmission  system  capa¬ 
bilities  were  also  demonstrated  by 
decoupling  and  feathering  the  No. 

3  propeller  and  shutting  down  the 
No.  3  engine.  All  systems  func¬ 
tioned  satisfactorily. 

tridirectional  gearcase 

The  tridirectional  gearcase 
was  limited  to  a  10-hour  tail  pro¬ 
peller  operation  inspection  in¬ 
terval.  TKis  restriction  was  im¬ 
posed  because  of  a  fatigue  failure 
of  the  input  gear  (P/N  210-75412) . 
The  fatigue  was  caused  by  a  resonant 
frequency  associated  with  main 
propeller  rpm.  A  modified  gear 
should  be  incorporated  in  the  tri¬ 
directional  gearcase  to  eliminate 
the  fatigue  failure  problem  and 
permit  an  increased  inspection 
interval.  (B  63) 

integral  gearcase  (IGC) 

The  main  IGC's  were  limited 
to  a  25-hour  inspection  interval. 
This  was  due  to  the  worn  condition 
of  th  titanium  liner  in  the  front 
of  th.  IGC.  This  liner  was  changed 
to  steel  to  eliminate  the  wear 
problem.  Pending  results  of  the 
25-hour  gearcase  inspection  at  LTV 
on  3  and  5  April  1965,  the  gear- 
case  inspection  interval  was  to  be 
adjusted. 

cross-shafting 

The  overall  operation  of  the 
cross-shafti  .  system  was  satis¬ 
factory.  Most:  major  discrepancies 
had  been  corrected.  Since  the 
reliability  of  the  cross-shafting 
system  was  unknown,  it  was  important 
that  this  system  be  inspected  at 
frequent  intervals.  Inspection  and 
maintenance  were  difficult  because 
many  of  the  inboard  wing  and  aft 
fuselage  bearings  were  practically 
inaccessible.  Past  inspections 
did  not  reveal  many  discrepancies. 
Some  potential  problem  areas,  such 
as  the  rotation  of  the  fuselage 
shaft  bearing  at  station  450, 
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should  be  closely  monitored.  All 
shaft  bearings  should  be  accessible 
in  production  aircraft.  A  complete 
maintainability  program  should  be 
pursued  to  insure  that  these  and 
all  other  components  in  a  production 
aircraft  are  accessible.  (D  65) 

Wing  and  fuselage  shaft  bearing 
temperatures  could  not  be  monitored 
in  flight.  An  indicating  system 
should  be  installed  to  warn  the 
pilot  of  an  overheating  condition 
until  the  reliability  of  the 
shafting  has  been  proven.  (A  2) 

Inspections  have  shown  ex¬ 
cessive  wear  to  the  wing  shaft 
bearings  caused  by  failure  of  the 
pins  which  hold  the  outer  race  of 
the  bearings  to  the  pillow  blocks. 
After  failure  of  the  pins,  the 
outer  race  could  not  move  freely 
which  caused  fretting  corrosion  of 
the  outer  race.  The  wing  shaft 
bearing  components  should  be  modi¬ 
fied  to  improve  bearing  life.  (C  64) 


propellers 

The  hub  moment  produced  by  the 
main  inboard  propeller  blades  was 
higher  than  expected.  The  resulting 
increased  stress  produced  cracks  in 
one  IGC.  The  hubs  on  the  No.  2 
and  3  airplanes  were  to  be  modified 
to  compensate  for  the  increased 
stress  and  the  No.  5  airplane  was 
scheduled  to  have  new  hubs .  The 
exact  nature  of  the  hub  modifi¬ 
cation  was  not  known.  All  main 
propeller  hubs  should  be  mod?  fied 
to  compensate  for  the  high  stresses. 
<B  67) 

Several  cracks  developed  on 
the  main  propeller  leading  edges . 
Although  the  cracks  were  not  con¬ 
sidered  critical  and  were  reparable 
at  LTV,  a  longer  operative  time 
was  needed  to  determine  the  overall 
reliabi.’ity  of  the  propellers. 


Contractor  test  data  revealed 
a  propeller  thrust  deficiency.  The 
reasons  for  the  deficiency  were  not 
fully  understood.  The  propeller 
efficiencies  should  be  improved. 

(C  14) 


aerospace  ground  equipment  (AGE) 

There  was  limited  opportunity 
to  evaluate  the  propeller  and 
transmission  system  ground  safety 
locks.  These  locks  consisted  of 
fabric  boots  and  straps  positioned 
between  two  blade  tips  of  one  pro¬ 
peller  and  two  blade  tips  of  the 
adjacent  propeller  to  prevent 
rotation  of  the  propellers  and 
transmission  in  the  wind.  The  tail 
propeller  brake,  which  was  also 
used  to  brake  the  entire  trans¬ 
mission  system  at  5-percent  propel¬ 
ler  rpm  or  less ,  could  not  be  used 
while  the  engines  or  APU  were  not 
operating  since  it  required  a 
hydraulic  pressure  source.  The 
locks  appeared  to  be  effective 
while  towing  the  aircraft  in  winds 
of  approximately  15  knots. 


engine  and  gearcase  mounting 

Installation  of  the  IGC  mount¬ 
ing  struts  in  the  wing  was  very 
critical.  There  •  as  a  0.002-inch 
(minimum)  to  0.007-inch  (maximum) 
tolerance  on  the  ball  mounting  of 
the  struts.  LTV  engineering  rec¬ 
ommended  the  0.002-inch  tolerance 
and  stated  that  once  the  IGC  instal¬ 
lation  was  satisfactory,  the  mount¬ 
ing  strut  adjustments  should  not  be 
moved.  Since  the  mounting  system 
was  designed  to  be  completely  stable 
with  one  strut  removed,  freedom  of 
movement  of  one  strut  should  be  a 
good  check  for  proper  installation. 

A  number  of  dimensions  and 
tolerances  had  to  be  adhered  to  in 
order  to  properly  locate  the  IGC 
and  engine  and  a  template  was  de¬ 
vised  to  aid  in  this  installation. 

In  one  case,  an  improperly  installed 
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engine  resulted  in  binding  of  the 
cross-shafting  and  flex  coupling. 
Precise  installation  procedures  and 
techniques,  needed  to  insure  that 
the  IGC  mounting  struts  were  prop¬ 
erly  located,  should  be  provided. 

(D  66) 

HJEL  SYSTEM 


The  rear  cluster  held  approxi¬ 
mately  200  gallons  more  than  the 
forward  cluster  when  the  aircraft 
was  fueled  by  the  sinqle-point  sys¬ 
tem.  This  was  attributed  by  the 
contractor  to  a  slightly  lower 
float  valve  installation  in  the 
rear  cluster. 


•  DESCRIPTION 

The  fuel  storage  tanks  were 
arranged  in  two  clusters^  each  com¬ 
posed  of  a  main  and  a  transfer 
tank.  The  total  usable  fuel  capac¬ 
ity  was  1400  gallons.  The  forward 
cluster  was  located  in  the  top  of 
the  fuselage  immediately  forward 
of  the  wing  leading  edge  and  the 
aft  cluster  was  in  the  top  of  the 
fuselage  directly  behind  the  wing 
trailing  edge.  The  two  clusters 
were  normally  separate  but  could 
be  interconnected  through  an 
emergency  transfer  line.  A  cross¬ 
feed  valve  allowed  interconnection 
of  the  fuel  manifolds  to  provide 
a  common  manifold  for  all  four 
engines . 

•  IT.NCTIONAL  ANALYSIS 

refueling 

The  single-point  refueling 
system  was  similar  to  other  Air 
Force  systems  and  was  not  difficult 
to  use.  About  11  minutes  were  re¬ 
quired  to  service  the  forward  and 
rear  clusters  with  1400  gallors  of 
fuel. 

defueling 

Defueling  both  clusters  through 
the  single-point  system  required 
about  30  minutes.  The  forward 
cluster  emptied  first  because  of 
the  higher  total  head  pressure 
which  resulted  from  the  normal  1- 
degree-noseup  ground  atti^  ide . 

Only  the  transfer  tanks  could  be 
defueled  through  the  topside 
fillers.  The  main  tanks  did  not 
have  fillers,  and  check  valves  be¬ 
tween  the  tanks  prevented  crossflow. 


A  defueling  check  valve  had 
to  be  manually  positioned  inside 
the  aircraft  prior  to  defueling. 
Failure  to  open  this  valve  could 
result  in  collapse  of  the  hose 
from  the  defueling  vehicle  and 
could  cause  possible  damage  to  the 
fuel  system  up  to  the  defueling 
check  valve.  The  defueling  valve 
should  be  located  near  the  single¬ 
point  refueling  controls.  If  the 
location  of  this  valve  cannot  be 
changed,  a  placard  should  be  placed 
near  the  single-point  refueling 
controls  to  remind  ground  personnel 
to  open  the  valve.  (B  68) 

There  were  16  valves  used  to 
drain  fuel  and  water  from  the  fuel 
system.  They  were  located  near 
the  lower  fuselage  lint  and  were 
easily  accessible  even  though  the 
fuel  cells  were  located  in  the  top 
of  the  fuselage. 

■  ELECTRICAL  SYSTEM 

•  DESCRIPTION 

The  primary  electrical  power 
generating  system  consisted  of  two 
self-cooled  brushless  25-kva  gen¬ 
erators.  One  generator  was  driven 
by  the  CSD,  powered  from  the  pivot 
gearcase  accessory  drive,  and  the 
other  generator  was  driven  by  the 
APU.  Either  generator  was  capable 
of  furnishing  the  entire  electrical 
load  requirement  in  all  modes  of 
operation.  Both  generators  were 
operated  during  takeoff,  landing, 
hover,  and  transition. 

Aircraft  dc  electrical  power 
was  provided  by  two  28-volt  trans¬ 
former  rectifiers.  Emergency 
electrical  power  was  supplied  by  a 
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4-kva  ac  and  a  28-volt  dc  generator 
driven  by  a  constant  speed  variable 
displacement  hydraulic  motor.  A 
rechargeable  battery  provided 
ignition  power  for  the  APU. 

0  FUNCTIONAL  ANALYSIS 

power 


The  two  main  electrical  power 
source  circuits  (CSD  and  APU  gen¬ 
erators)  were  frequency-locked  but 
not  phase- locked  and  the  control 
circuit  was  designed  so  that  the 
two  sources  could  not  be  connected 
simultaneously  to  any  one  bus. 
Several  problems,  such  as  SAS  cut¬ 
outs,  were  caused  by  transient 
currents.  The  electrical  circuits 
in  a  production  aircraft  should  be 
designed  to  prevent  transient 
currents  from  affecting  other  sys¬ 
tems.  (D  72) 

When  hydraulic  power  was 
applied  to  PC  2,  all* essential 
buses  were  energized  even  when  ex¬ 
ternal  electrical  power  was  not 
connected  and  the  CSD  and  APU  gen¬ 
erators  were  not  operating.  This 
was  caused  by  operation  of  the 
emergency  generator  which  was 
powered  by  PC  2. 


tail  propeller  clutch  control  circuit 

A  major  problem  arose  with  the 
tail  propeller  clutch  system.  The 
original  system  included  a  time- 
delay  which  allowed  20  seconds  of 
operation  at  475— psi  hydraulic 
pressure.  This  was  necessary  to 
allow  the  tail  propeller  to  come 
up  to  speed  before  application  of 
the  full  3150-psi  hydraulic  pres¬ 
sure.  Transient  currents  caused 
the  time-delay  re:lay  to  function 
prematurely  and  apply  3150  psi  to 
the  clutch  which  overtoraued  and 
failed  the  tail  propeller  shafting. 
The  system  was  modified  to  include 
a  separate  sequencing  switch  and 
time-delay  which  appeared  to 
alleviate  the  problem.  However, 


the  wrong  switching  sequence  was 
inadvertently  used  which  also  re¬ 
sulted  in  a  shaft  failure.  A  re¬ 
liable  and  safe  tail  propeller 
clutch  control  system  should  be 
installed  on  all  aircraft.  A  tail 
propeller  on-speed  indicator  should 
be  considered  to  preclude  premature 
application  of  full  hydraulic  sys¬ 
tem  pressure  to  the  clutch.  (C  69) 

propeller  monitor 

A  high  abort  rate  was  caused 
by  malfunctioning  of  tne  seizure 
warning  circuit  of  the  propeller 
blade  pitch  control  rod  swivel. 

The  malfunctions  were  caused  by  a 
high  vibration  environment  which 
resulted  in  broken  wires  in  the 
warning  circuit  and  a  false  pro¬ 
peller  seizure  indication.  This 
problem  should  be  corrected  prior 
to  Category  II  testing.  (B  73) 

stability  augmentation  system  (SAS) 

The  SAS  was  frequently  in¬ 
operative  for  two  primary  reasons. 
Vibration  caused  breakage  of  wires 
leading  to  the  SAS  at  the  wire 
clip  attachments.  The  SAS  was 
also  frequently  inoperative  be¬ 
cause  of  transient  currents.  A 
failure  in  one  channel  ./culd  cause 
the  monitor  to  shut  off  both 
channels  and  the  pilot  could  then 
reengage  the. good  channel  with 
the  collective  lever  switch.  Wire 
breakages  should  be  eliminated. 

The  electrical  circuits  should  be 
designed  to  eliminate  transient 
currents.  SAS-OFF  characteristics 
are  discussed  in  the  Emergency 
Operations  section.  (B  73,  D  72) 

feathering  circuit 

The  feathering  circuit  re¬ 
quired  that  the  decouple  switch  (es) 
for  No.  2  and  3  engines  be  ener¬ 
gized  prior  to  activation  of  the 
feathering  switches  for  Mo.  1  and 
4  propellers.  During  an  emergency 
the  decoupling  step  was  omitted  and 
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feathering  was  not  accomplished. 

The  decoupling  operation  should  be 
automatic  and  should  be  integrated 
with  the  appropriate  feathering 
switches.  The  feathering  circuit 
should  also  be  designed  so  chat 
it  can  be  checked  during  preflight. 
(D  70,  D  71) 


gearcase  oil  pressure  caution  light 

When  a  propeller  was  feath¬ 
ered,  the  integral  gearcase  oil 
pressure  caution  light  illuminated 
and  remained  on  as  long  as  the 
propeller  remained  feathered. 

There  was  only  one  oil  pressure 
caution  light;  therefore,  monitoring 
of  the  remaining  gearcases  was  not 
possible  while  a  propeller  was 
feathered.  The  wiring  should  be 
changed  to  deactivate  the  warning 
circuit  of  an  inoperative  gearcase. 
(D  76) 

lighting  J 

An  evaluation  of  the  internal 
and  external  lights  was  not  made 
because  night  flying  was  prohibited. 
The  external  lights  consisted  of 
anticollision,  navigation,  and 
landing  lights.  A  production  air¬ 
craft  should  also  include  a  con¬ 
trollable  searchlight!;;).  (D  77) 

battery 

Prior  to  engine  start,  the 
APU  had  to  be  started  or  an  ex¬ 
ternal  electrical  power  source 
used  to  provide  electrical  power. 

The  battery  in  the  XC-142A  could 
be  used  only  to  supply  ignition 
power  to  the  APU.  an  investigation 
should  be  accomplished  to  determine 
the  feasibility  of  connecting  the 
battery  to  the  electrical  bus 
system.  (D  74) 

During  APU  operation,  the 
generator  switch  had  to  be  in  the 
ON  position  unless  electrical 
power  was  being  supplied  to  the 
bus  system  by  the  CSD  generator 


or  external  power.  Failure  to  do 
so  would  result  in  complete  dis¬ 
charge  of  the  APU  battery. 

nose  gear 

Nosewheel  steering  was  in¬ 
effective  at  the  beginning  of  the 
flight  test  program  because  the 
followup  transducer  was  or  a  sep¬ 
arate  power  source  from  t)  input 
transducer.  The  nosewhee  steering 
became  satisfactory  aftr  both 
transducers  were  r  i  the  same 
power  source. 

■  HYDRhu  ~  .tM 

•  DESCRIPTION 

The  hydraulic  system  consisted 
of  two  separate  power  control  sys¬ 
tems  (PC  1  and  PC  2) ,  a  utility 
hydraulic  system,  an  emergency 
utility  hydraulic  system,  and  an 
engine  start  system.  Each  of  the 
systems  operated  at  3150  psi 
hydraulic  pressure. 

PC  1  was  a  completely  inde¬ 
pendent  system  driven  by  two 
starter-pumps ,  one  mounted  on  each 
right-hand  power  plant.  The  system 
provided  hydraulic  pressure  to  one- 
half  of  each  of  the  tandem  actu¬ 
ating  cylinders  in  the  flight 
control  and  stabilization  systems. 

PC  2  was  an  integrated  power 
control  and  utility  hydraulic  sys¬ 
tem  driven  by  two  starter-pumps , 
one  mounted  on  each  left-hand  pow¬ 
er  plant.  The  system  provided 
hydraulic  pressure  to  one-half  of 
each  of  the  tandem  actuating 
cylinders  in  the  flight  control 
and  stabilization  systems.  The 
system  also  supplied  hydraulic 
pressure  for  the  utility  hydraulic 
system.  The  utility  system,  which 
provided  hydraulic  pressure  for 
operation  of  the  flaps,  landing 
gear,  wheel  brakes,  and  wing  tilt 
was  hydraulically  separated  from 
PC  2  by  a  manually-operated 
isolation  valve. 


40 


The  emergency  utility  hy¬ 
draulic  system  was  powered  ..by  the 
APU  starter-pump.  The  system  was 
separated  from  the  APU  starter- 
pump  by  a  manually-controlled 
solenoid-operated  shuttle  valve 
which  was  normally  closed  except 
when  a  utility  system  failure 
occurred. 

The  engine  start  system  con¬ 
sisted  of  starter-pumps  mounted  on 
each  powerplant  and  a  starter-pump 
mounted  on  the  APU.  Hydraulic 
power  delivered  by  the  APU  pump 
drove  the  powerplant  starter-pumps. 

•  FUNCTIONAL  'ANALYSIS 

APU  start  circuit 

Hydraulic  pressure  surges  from 
the  APU  start  accumulator  were  high 
enough  to  blow  seals  in  the  APU 
starter-pump.  Due  to  the  magnitude 
of  these  surges  there  was  also  some 
doubt  as  to  the  strength  of  the 
starter-pump  casing.  Therefore, 

APU  air  restarts  were  prohibited. 

A  surge  valve  should  be  incorporated 
to  reduce  the  surge,  and  the 
starter-pump  casing  strength  should 
be  determined  and  increased  if 
necessary.  (B  80) 

Approximately  5  minutes  of 
vigorous  pumping  by  four  people  was 
required  to  pressurize  the  APU 
start  accumulator  to  3200  psi.  The 
pump  handle  was  oriented  so  that 
most  of  the  pumping  action  had  to 
be  done  by  arm  movement.  The  pump 
handle  position  was  such  that  it 
would  be  impossible  to  pressurize 
the  accumulator  if  cargo  was  lo¬ 
cated  near  the  pump.  The  pump  and 
handle  should  be  positioned  so  that 
the  cargo  will  not  interfere  with 
its  operation  and  low  enough  to 
allow  pumping  action  by  arm  and 
body  movements.  (D  81) 

engine  starter-pump 

Numerous  engine  starter-pump 
units  were  replaced  during  Category 


I  testing.  The  replacements  were 
required  because  of  internal  wear 
which  was  detected  by  loss  of  power 
available  to  rotate  the  engine.  A 
factor  in  the  starter-pump  wear  was 
the  continual  requirement  to  cool 
the  engines  by  motoring  after  shut¬ 
down.  The  starter-pump  life  should 
be  improved.  (C  83) 

brake  system 

The  braking  system  was  in¬ 
adequate  as  evidenced  by  over¬ 
heating,  fading,  relatively  long 
ground  rolls,  and  the  absence  of 
deceleration  effects.  Ground  roll 
distances  are  discussed  in  the 
Performance  section.  The  braking 
system  should  be  improved  to  in¬ 
crease  effectiveness  and  decrease 
the  landing  ground  roll.  (C  22) 


main  landing  gear 

Free  fall  of  the  main  gear 
was  inadequate  to  obtain  a  positive 
downlock  condition.  Application  of 
about  1  1/2  g's  was  required  to 
insure  positive  action.  A  positive 
means  of  obtaining  a  downlock  con¬ 
dition  without  applying  a  g  load 
should  be  incorporated.  (B  87) 


The  landing  gear  often  appeared 
to  the  chase  pilot  to  be  in  the  up 
position  when  the  warning  circuit 
indicated  an  unlocked  condition. 
During  several  ground  retraction 
tests  the  warning  circuit  indicated 
that  the  gear  was  up  and  locked 
when  it  was  not.  A  reliable  gear 
position  indication  system  should 
be  incorporated.  (C  88) 


Emergency  extension  of  the 
landing  gear  was  accomplished  by 
actuating  manually-controlled 
valves  in  the  cargo  compartment. 
A  control  should  be  included  in 
the  cockpit  to  provide  emergency 
landing  gear  extension.  (C  48) 
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propeller  transfer  valves 

Considerable  leakage  occurred 
from  the  main  and  tail  propeller 
transfer  valves  under  static  and 
dynamic  conditions  because  of  in¬ 
adequate  seals.  There  was  a 
leakage  rate  of  one  drop  every  40 
seconds  in  the  static  condition. 

It  was  estimated  that  the  leakage 
rate  during  the  dynamic  condition 
was  approximately  one  drop  per  2  5 
cycles  of  transfer  valve  operation. 
Leakage  from  these  valves  was 
ingested  into  the  engines  and  re¬ 
sulted  in  a  loss  of  power.  This 
problem  is  also  discussed  in  the 
Propulsion  section.  The  transfer 
valve  and  IGC  hydraulic  leaks 
should  be  eliminated.  (C  61) 

nose  gear 

During  hover,  the  nc3e  gear 
cocked  to  one  side  due  to  a  lack 
of  a  positive  centering  device. 

A  bungee  cord  system  was  success¬ 
fully  used  to  center  the  nose  gear. 
The  nose  gear  on  production  air¬ 
craft  should  be  designed  with  a 
positive  centering  device.  (D  90) 


During  the  first  portion  of 
the  Category  I  program,  a  nosegear 
shimmy  problem  was  encountered. 

The  exact  cause  was  not  determined. 
The  shimmy  damper  linkage  was 
tightened  and  silicon  fluid  was 
used  in  the  damper.  These  changes 
appeared  to  solve  the  problem. 

wing  tilt 

Originally,  the  wing  tilt  and 
flap  hydraulic  systems  were  powered 
by  PC  2  during  normal  operation  or 
by  APU  hydraulic  power  for  emergency 
operation.  If  one  PC  2  pump  failed, 
the  maximum  wing  tilt  rate  was 
lowered  to  an  unacceptable  rate 
for  emergency  situations.  The 
hydraulic  system  was  modified  to 
make  APU  power  the  main  source  of 
hydraulic  pressure  and  PC  2  the 
backup  source.  This  change  pro¬ 


vided  the  maximum  wing  tilt  rate 
in  case  of  a  PC  2  pump  failure. 
Production  aircraft  should  have 
the  capability  of  maximum  wing 
tilt  rate  during  all  conditions. 
(D  85) 


hydraulic  fluid  quantity  indication 

The  hydraulic  system  contained 
no  method  for  determining  fluid 
quantity  in  flight.  A  fluid 
quantity  indicator  or  a  low-level 
warning  system  should  be  provided 
ir.  the  cockpit.  (D  82) 

pcwer  control  designation 

The  hydraulic  system  desig¬ 
nation  did  not  conform  with  the 
standard  numbering  method.  The 
PC  1  system  was  powered  by  hy¬ 
draulic  pumps  on  the  right  engines 
and  the  PC  2  system  was  powered  by 
hydraulic  pumps  on  the  left  engines 
The  cockpit  indicators  were  located 
in  the  standard  sequence  with  the 
PC  1  indicator  to  the  left  of  the 
PC  2  indicator.  The  standard 
numbering  sequence  should  be  used 
for  the  hydraulic  systems.  (D  79) 

cargo  doors  and  ramp 

The  cargo  doors  and  ramp  could 
be  operated  only  by  utility  hy¬ 
draulic  system  pressure  since  there 
was  no  backup  system ;  They  could 
not  be  operated  on  the  ground 
without  using  the  APU,  engines,  or 
ground  hydraulic  power.  A  backup 
system  should  be  incorporated  on 
a  production  aircraft  for  rapid 
operation  of  the  cargo  doors  and 
ramp  under  emergency  conditions, 
and  for  ground  operations  when 
the  APU  and  engines  are  not  oper¬ 
ating  and  ground  hydraulic  power 
is  not  available.  (D  86) 

■  HEATING  AND  VENTILATING  SYSTEM 

Ram  air  was  used  in  the  cock¬ 
pit  and  cargo  compartments  as  ven¬ 
tilating  air  in  horizontal  flight. 
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When  ram  air  was  not  available,  as 
in  vertical  flight  or  when  on  the 
ground,  a  ventilating  air  fan  was 
energized  through  a  pressure  switch 
connected  to  the  pitot  static  sys¬ 
tem,  Airflow  was  controlled  by 
manual  regulation  of  dampers. 
Heating  was  provided  by  ventilating 
air  heated  by  a  200  000-Btu  com¬ 
bustion  heater.  A  temperature 
control  thermostat  regulated  air 
temperature.  Safety  provisions 
included  pressure  switches  in  the 
ventilation  and  combustion  air 
ducts  and  an  overtemperature 
thermostat. 


•  FUNCTIONAL  ANALYSIS 


heating 


The  combustion  heater  did  not 
function  properly  as  evidenced  by 
an  abnormal  amount  of  smoke  from 
the  heater  exhaust  and  some  fuel 
drainage.  This  problem  was  attrib¬ 
uted  to  an  inefficient  ventilating 
air  fan.  A  temperature  survey  was 
not  scheduled  for  Category  I; 
therefore,  quantitative  data  were 
not  available.  A  complete  temper¬ 
ature  survey  will  be  accomplished 
during  the  Category  II  program. 

The  heating  system  should  be  im¬ 
proved  on  production  aircraft. 

(D  91) 

Only  a  limited  amount  of 
flying  was  accomplished  at  high 
altitudes.  A  qualitative  analysis 
did  not  reveal  any  major  discrep¬ 
ancies  in  the  heating  system 
although  solar  radiation  ("green¬ 
house"  effect)  helped  to  maintain 
comfortable  temperature. 


B  AVIONICS 

•  DESCRIPTION 

The  communication  system  con¬ 
sisted  of  an  intercommunication 
set  and  a  UHF  radio  set  with  an 
automatic  direction  finder.  Pro¬ 


visions  were  made  to  allow  later 
installation  of  an  IFF  system,  an 
HF-SSB  radio,  a  Tacan  system,  and 
a  VHF-FM  radio. 

The  navigation  systems  included 
a  radio  compass,  a  VOR/LOC  radio 
receiver,  a  glide  slope  receiver, 
a  marker  beacon  receiver ,  a  com¬ 
pass  and  gyro  system,  and  a  flight 
director  system.  A  radar  altim¬ 
eter  will  be  included  for  Category 
II. 


•  functional  analysis 


communications 

The  UHF  system  used  antennas 
installed  on  the  top  and  bottom  of 
the  fuselage.  There  was  so  much 
noise  and  interference  associated 
with  the  use  of  the  bottom  antenna 
that  it  was  unusable.  The  cause 
for  this  discrepancy  was  not  de¬ 
termined  due  to  the  low  priority 
of  such  testing  during  the  Category 
I  program.  Communications  using 
the  upper  antenna  were  limited 
wnen  the  aircraft  was  headed  to¬ 
ward  the  desired  station  wa  th  the 
wing  in  the  up  position.  There 
was  also  a  considerable  amount  of 
static  in  the  UHF  communication 
system  at  a  20  000-foot  altitude  - 
This  was  unexplained  at  the  time 
of  the  MPP .  These  discrepancies 
should  be  further  investigated  and 
corrected.  (D  93) 

The  intercommunications  sys¬ 
tem  was  generally  very  noisy.  This 
problem  was  being  investigated  by 
the  contractor  and  should  be  cor¬ 
rected  during  the  Category  I  test 
program.  (C  92) 


The  radio  compass  was  180 
degrees  out  of  phase  during  ground 
check  when  the  static  ground  wire 
was  attached  to  .-.he  aircraft.  The 
cause  for  this  had  not  been  deter¬ 
mined  at  the  time  of  the  HPP. 
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navigatie.i  systems 


It  was  planned  that  the  cables 
for  the  radar  alti meter  would  be 
stowed  and  the  system  would  not  be 
checked  out  prior  to  the  aircraft 
delivery  to  Edwards  AFB.  No  work 
was  planned  to  verify  the  oper¬ 
ation  of  the  flight  director  com¬ 
puter.  These  systems  should  be 
functionally  checked  prior  to  air¬ 
craft  delivery  to  Edwards  APB. 

(B  97) 

■  AUXILIARY  POWER  UNIT 

•  DESCRIPTION 

The  APU  consisted  of  a  Solar 
T-62T-19  gas  turbine  engine,  a 
hydraulic  starter-pump  and  a  25- 
kva  generator.  The  APU  system 
provided  hydraulic  power  for 
ground  system  checkout,  main  en¬ 
gine  starting,  wing  tilt,  and 
power  for  the  emergency  utility 
hydraulic  system  during  flight. 

The  APU  system  also  provided 
electrical  power  for  the  entire 
electrical  system  if  the  CSD 
generator  failed. 

The  APU  was  started  through 
the  use  of  accumulator  hydraulic 
pressure.  The  accumulator  could 
be  hand  pumped  and  was  auto¬ 
matically  recharged  during  APU 
operation . 

•  Ft  M.TIOVM.  A\A1.1SI> 

APU  ey«speed 

During  several  flights ,  as 
the  aircraft  approached  a  climb 
rate  of  4000  feet  per  minute,  the 
APU  oversped  and  shut  down. 

Efforts  to  stabilize  the  aircraft 
at  various  altitudes  and  allow  the 
APU  fuel  control  altitude  compen¬ 
sator  to  react  and  restrict  the 
fuel  flow  were  unsuccessful.  Trial 
and  error  adjustment  of  the  mini¬ 
mum  fuel  flow  adjustment  established 
a  fuel  schedule  that  allowed  for  a 
4000-foot  per  minute  climb  and 
sustained  operation  at  altitudes 
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up  to  25  000  feet.  The  effects  of 
this  adjustment  on  the  starting 
characteristics  at  altitude  could 
not  be  evaluated  until  the  APU  hy¬ 
draulic  start  circuit  deficiencies 
were  corrected.  The  APU  airstarting 
capability  and  reliability  should 
be  demonstrated  throughout  the 
flight  envelope.  (B  98) 

APU  g  loading  sensitivity 

The  APU  shut  down  on  two  sep¬ 
arate  occasions  during  hard 
landings.  Additional  testing  was 
required  to  define  the  cause  and 
sensitivity  of  the  APU  to  high  g 
loadings.  This  problem  should  be 
corrected.  (D  99) 

■  FLIGHT  CONTROLS  AND  STABILIZATION 
SYSTEMS 

•  DESCRIPTION 

The  flight  controls  consisted 
of  those  primary  and  secondary 
flight  control  systems  necessary 
for  aircraft  control  during  cruise, 
transition,  and  vertical  or  hover 
modes  of  flight.  The  primary 
flight  controls  consisted  of  the 
lateral,  directional,  longitudinal, 
and  height  control  systems.  The 
secondary  flight  controls  consisted 
of  the  wing  incidence,  leading  edge 
slat,  and  trailing  edge  flap  systems. 

The  stabilization  system  pro¬ 
vided  stability  augmentation  in 
pitch,  roll,  yaw,  and  height  during 
VTOL-,  hove-,  and  STOL  flight  modes. 
The  trim  system,  which  was  part  of 
the  stabilization  package,  pro¬ 
vided  trim  in  pitch,  roll,  and  yaw 
for  all  .nodes  of  flight. 

i  Fl ACTION  Al.  AN  \I.1SIS 

prapeller  central 

The  propeller  rpm  drifted  be¬ 
cause  of  a  null  shift  in  the 
governor  servo  valve  and  was 
proportional  to  temperature.  The 
system  should  be  modified  to  com¬ 
pensate  for  temperature.  (B  100) 


aileron  servo  valve 

The  aileron  servo  valve  could 
be  overstressed  during  ground 
operations  when  the  wing  was  up, 
the  flaps  were  down,  and  no  hy¬ 
draulic  power  was  available  to  the 
flight  control  system.  The  prob¬ 
lem  was  caused  by  the  aileron 
programer  stops  which  limited  down 
aileron  movement  with  the  flaps 
extended.  Without  hydraulic  power 
to  the  flight  control  system,  the 
aileron  programer  stops  caused 
the  weight  of  the  ailerons  to  be 
supported  by  the  servo  valve 
linkages.  This  condition  over¬ 
stressed  the  servo  valve  which 
could  not  be  inspected  during  a 
normal  preflight  inspection.  This 
problem  should  be  corrected  prior 
to  Category  II  testing.  (A  3) 


sSst  warning  system 

The  slat  warning  light  illu¬ 
minated  frequently  even  though  the 
slats  were  in  their  programed 
position.  This  light  should  illu¬ 
minate  whenever  a  slat  does  not 
move  to  its  programed  position. 
This  problem  should  be  corrected 
prior  to  the  Category  II  program. 
(B  104) 


main  propeller  beta  central 

The  main  propeller  beta  con¬ 
trol  linkage  drifted  under  g  loads 
which  resulted  in  propeller  rpm 
changes.  This  snould  be  corrected. 
(C  101) 


stability  aagneatatien  system  (SAS) 

Consistent  pitch  trim  "creep" 
on  the  ground  before  takeoff  was 
attributed  tc  tail  propeller 
vibration.  The  pitch  trim  system 
should  be  modified  so  that  the 
trim  will  not  change  unless 
actuated  by  the  pilot.  (C  102) 


■  ICE  PROTECTION 

•  IlKSCKII’l  ION 

The  anti-icing  systems  were 
designed  to  prevent  ice  from 
forcing  on  the  pitot  heads,  wind¬ 
shield,  engines,  and  nacelles. 

The  pitot  head  and  windshield 
anti-icing  systems  used  electrical 
power  for  operation.  The  engine 
and  nacelle  anti-icing  system  used 
engine  compressor  bleed  air  for 
operation. 

The  deicing  systems  provided 
ice  protection  to  the  main  pro¬ 
pellers,  wing,  and  UHT.  The  pro¬ 
peller  deicing  system  used  elec¬ 
trical  power  for  operation.  The 
wing  and  tail  deicing  systems  used 
compressor  bleed  air  from  the  two 
left  engines  for  inflation  of 
pneumatic  boots  on  the  leading 
edge  of  the  wing  and  horizontal 
tail. 

The  ice  detection  system  was 
designed  to  use  an  ice  detector 
probe  in  the  air  intake  duct  of 
engines  No.  1  and  2.  An  engine 
ice  caution  light  would  illuminate 
when  either  of  the  two  ice  de¬ 
tector  probes  sensed  the  formation 
of  ice. 

•  FI  NCTIOVU.  ANALYSIS 

engine  nacelle  anti-icing 

Engine  nacelle  anti-icing  was 
not  scheduled  for  installation  in 
any  of  the  five  aircraft.  Engine 
nacelle  anti-icing  and  all  other 
ice  protection  equipment  should  be 
installed  in  aircraft  Nc.  4  nr-  $ 
for  evaluation  curing  Categorv  II. 
(C  105) 

■  INSTRUMENTS 

•  UKSCHIPTION 

The  flight  instruments  were 
primarily  standard  Air  Force  in¬ 
struments  and  are  described  in  the 
Cockpit  Evaluation  section. 
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•  FUNCTIONAL  ANALYSIS 

instrument  wear  and  damage 

Due  to  the  considerable  amount 
of  ground  checkout  time,  many  of 
the  instruments  for  indicating 
torque,  Tts,  fuel  flow,  and  oil 
pressure  were  worn  and  had  to  be 
replaced.  These  instruments  were 
powered  by  the  emergency  generator 
which  was  operating  whenever  the 
PC  2  hydraulic  system  was  pres¬ 
surized  and  the  APU  and  CSD  gen¬ 
erators  were  inoperative.  During 
the  Category  II  test  program,  the 
appropriate  circuit  breakers 
should  be  pulled  to  prevent  ex¬ 
cessive  operation  times  on  these 
instruments.  Production  aircraft 
should  have  a  master  instrumentation 
switch.  (D  41) 

The  fuel  flow  transducer  was 
lubricated  by  the  fuel,  and  there¬ 
fore  had  to  have  fuel  in  it  during 
installation.  This  precaution  was 
not  observed  on  several  occasions 
and  the  transducer  was  damaged. 

system  cbeckeut 

Several  instruments  and  sys¬ 
tems  were  not  tested.  The  total 
torque  system  was  not  tested  be¬ 
cause  telemetry  instrumentation 
was  installed  in  its  place.  The 
radar  altimeter  was  not  tested 
because  an  additional  airspeed 
indicator  was  installed  in  its 
place.  The  aircraft  pitot-static 
system  had  not  been  checked  with¬ 
out  the  instrumentation  boom  in¬ 
stalled.  These  systems  should  be 
checked  out  prior  to  aircraft  de¬ 
livery  to  Edwards  ATD.  (D  56} 

PERSONNEL  SUBSYSTEM  TEST 
AND  EVALUATION 

■  MANUALS 

The  original  Flight  and 
Maintenance  manuals  were  outdated 
due  to  aircraft  changes  during 
early  Category  I  tests  and  should 
be  updated.  (C  112) 


Loading  information  will  be 
required  to  properly  load  the  air¬ 
craft  during  Category  II  operational 
suitability  tests.  A  limited  Cargo 
Loading  Manual  should  be  provided. 

(C  113) 

■  STATIC  ELECTRICITY 

The  appropriate  manuals 
stressed  the  importance  of  danger 
from  static  electricity  to  ground 
personnel  but  there  was  no  perma¬ 
nently  attached  static  ground  wire. 

A  ground  wire  should  be  considered 
for  production  aircraft  since  the 
V/STOL  operations  concept  is  based 
on  a  minimum  of  ground  support 
personnel  and  equipment.  (D  111) 

■  NOISE 

•  QUALITATIVE  DATA 

Qualitative  data  gathered  from 
the  military  and  contractor  test 
pilots  indicated  that  the  noise 
levels  produced  by  the  XC-142A  ex¬ 
ceeded  allowable  and  desired  levels. 
The  noise  intensity  was  sufficient 
to  cause  vibrations  of  support 
equipment  up  to  300  feet  from  the 
aircraft  during  hover  and  STOL 
operations.  Observers  could  also 
feel  the  pressure  waves  as  vibra¬ 
tions  against  their  bodies. 

Pilots  flying  the  aircraft 
were  required  zo  wear  their  helmets 
to  adequately  communicate  with  one 
another  and  with  the  ground  using 
the  microphone  in  their  oxygen 
masks.  They  considered  the  head¬ 
set  within  their  standard  helmets 
(P-l  and  P-4  types)  inadequate 
because  of  difficulty  in  under¬ 
standing  transmissions.  It  was 
believed  that  this  difficulty  was 
caused  by  sound  pressure  waves 
entering  the  space  between  the 
pilot’s  head  and  the  helmet  shell, 
and  that  this  space  then  acted  like 
a  small  echo  chamber.  The  Pro¬ 
tection,  Inc. ,  cr  Lombard-type 
helmet  was  helpful  in  reducing 
this  communication  problem.  The 
Lombard-type  helmet  had  a  seal 
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around  the  helmet's  perimeter  and 
solid  continuous  padding  which 
effectively  reduced  the  echo  chamber 
effect.  The  high  noise  levels  were 
associated  with  the  V/STOL  flight 
regime  and  were  reduced  during 
cruise  to  a  level  comparable  with 
other  turboprop  aircraft. 

Contractor  theoretical  noise 
levels  in  the  cargo  compartment 
were  higher  than  those  in  the 
cockpit.  Since  it  was  essential 
that  the  pilots  used  sealed-type 
helmets  and  closed  mikes,  crew¬ 
members  in  the  cargo  compartment 
would  require  similar  devices  for 
communication.  Ear  protection 
would  be  essential  for  all  crew 
and  passenger  personnel,  with  ear 
plugs  and  ear  muffs,  the  maximum 
sound  levels  specified  in  MIL-A-8806 
and  AFSCM  ISO -3  would  have  been 
exceeded.  Noise  levels  inside  the 
aircraft  could  be  reduced  by  proper 
insulation  and  closing  of  all  air 
transfer  openings,  but  it  was 
estimated  that  the  noise  levels 
would  still  be  in  excess  of  the 
120-db  limit  established  in 
MIL-A-8806.  The  sound  levels  in 
the  aircraft  should  be  reduced  and 
all  flight  crew,  passenger,  and 
ground  crew  personnel  should  be 
provided  with  suitable  ear  pro¬ 
tection  equipment.  Allowable 
exposure  limits  should  be  deter¬ 
mined.  (C  107) 

Some  type  of  ear  protection 
was  necessary  for  ground  personnel 
working  within  the  aircraft's  runup 
area.  Air  Force  ear  plugs  were 
worn  by  some  military  personnel  and 
seemed  sufficient  for  normal  runup. 
Military  personnel  reported  extreme 
discomfort  during  engine  runups  if 
ear  protection  was  removed.  Ear 
muffs  were  considered  adequate  and 
better  than  plugs  and  should  be  the 
minimum  mandatory  requirement  for 
runups.  Fifty  percent  of  the  con¬ 
tractor  ground  personnel  wore  ear 
muffs  of  the  Air  Force  type  (sponge 
rubber  with  a  liquid  glycerine  fill) , 
while  20  percent  wore  Air  Force  ear 
plugs,  and  the  rest  wore  no  ear 


protection.  During  V/STCL  opera¬ 
tions  ear  plugs  were  considered  to 
be  inadequate. 

•  <ji  wnT  vnvK  nvr\ 

military  data 

For  normal  starts  and  ground 
checkout,  the  noise  levels  were  as 
shown  in  figure  3, 

Insufficient  military  data 
were  available  to  completely  check 
the  contractor's  takeoff  power 
sound  level  chart  in  the  Fliaht 
Manual  (T.o.  1C-142 (X) A-i) .  'Enough 
military  data  were  obtained;  however 
to  indicate  these  sound  levels  can 
reasonably  be  expected.  This  char! 
is  reproduced  for  convenience  in 
figure  4 

Ear  protection  is  mandatory 
for  personnel  exposed  to  a  sound 
pressure  level  cf  100  decibels  for 
any  tine  period  greater  than  2  1/2 
hours.  Protection  is  recommended 
for  any  exposure  time  longer  than 
15  minutes.  For  a  110-decibel 
sound  pressure  level,  15  minutes 
is  the  maximum  exposure  tine  with¬ 
out  ear  protection,  and  protection 
is  recommended  for  any  exposure 
time  exceeding  1  minute.  For  a 
sound  pressure  level  of  120  decibels 
the  maximum  exposure  time  without 
ear  protection  is  1  minute  30 
seconds  {AFR  160-3). 

With  only  the  APU  running,  a 
noise  level  of  94  decibels  was 
registered  within  the  cargo  com¬ 
partment  just  aft  of  the  cock nit 
bulkhead.  This  noise  increased  2 
to  3  decibels  while  the  wing  was 
in  rotation - 

Sound  levels  ware  measured 
adjacent  to  the  runway  during  the 
STOL  tests.  During  these  tests 
the  wind  speeds  were  2  to  3  knots. 
The  results  are  shewn  in  table  XIV. 
The  data  are  not  definitive  due  to 
a  large  amount  of  scatter.  The 
noises  were  high  and  could  present 
a  problem  in  an  occupied  area. 


Note 

SOUND  LEVELS  SHORN  FOR  FOUR  ENGINES 
RUNNING  AT  TAKEOFF  PORER.  TRO-ENGIKE 
OPERATION  PRODUCES  APPROXIMATELY  THU 
SAME  SOUND  LEVELS. 

♦122  db  AT  140  f! 

TAIL  PROPELLER  SOUND  LEVEL  SHORN  FOR  110  db  AT  300  ft 

SOUND  PROOUCED  BY  TAIL  PROPELLER  100  db  AT  500  ft 

OPERATION  ONLY.  SO  db  AT  30C  ft 

EAR  PROTECTION  IS  REQUIRED  AT  SOUND 
LEVELS  ABOVE  90  db. 

tiguro  4  DANGER  ARE* 3-NOISE 


TABLE  XIV 

XC.-142A  STOL  SOUND  LEVELS 


Takeoffs 


Landings 


Estimated  Slant  flange 
from  Aircraft  (ft) 


S^und  Pressure  Levels 
(db) 


Estimated  Slant  Range 
from  Aircraft  (ft) 


Sound  Pressure  Levels 
(db) 


135 

120  + 

135 

125  + 

235 

115 

195 

124 

210 

124 

75 

128  + 

260 

118 

195 

120  + 

135 

125 

135 

150  + 

235 

123 

165 

124  + 

30 

130  + 

80 

124  + 

contractor  data 

The  only  known  noise  measure¬ 
ments  from  the  interior  of  the 
XC- 14 2 A  during  actual  flight  wr> re 
made  during  flight  28  on  15  Feb 
1965  on  the  No.  2  aircraft.  The 
recorded  data  are  shown  in  table 
XV. 


TABLE  XV 

XC-142A  IN-FLIGHT  CARGO  COMPARTMENT  SOUND  LEVELS 


Configuration 

Flight  Condition 

Sound  Pressure  Levels 
(db) 

Takeoff  Power 

STOL  Takeoff 

130 

Total  hp  -  4949 

Wing  -  25  deg 

Flap  -  60  deg 

Thrust  -  17  602  lb 

Descent  at  45  KIAS 

122 

Total  hp  -  3700 

Wing  -  25  deg 

Flap  -  60  deg 

Descent  at  45  KIAS 

122 

Not  Recorded 

Uncontrolled  descent 
prior  to  1800-ft 
pullout 

126 

Note:  Measurements  were  taken  3  feet  aft  of  the  propeller  plane  near  the  centerline 
of  the  aircraft.  Prop  rpm  was  approximately  91  percent. 


■  TEMPERATURE 


The  contractor  measured  the 
sound  levels  in  the  center  of  the 
cargo  compartment  during  tiedown 
runups  for  several  simulated 
flight  conditions.  The  values 
considered  most  reliable  by  the 
contractor  are  shown  in  table  XVI. 
The  actual  measurements  exceeded 
the  theoretical  values  by  3  to  6 
decibels. 


Simulated  Condition 


Conventional  Takeoff 
Short  Takeoff 
Vertical  Takeoff 


TABLE  XVI 

CONTRACTOR  NOISE  recording 
Taken  During  Tiedown  Runups 


Actual  Measurements 
_ (db) 

135  -  144 
147  -  156 
None 
None 


Theoretical  Sound  Level 
_ l db) 

128  .  140 
140  -  153 
144  -  152 
144  -  148 


summary  I**  C,1!f-0  compartment.  TMs 

Acoustic,  Report,  No.  £s?4S0/3R  Mo  H V,bra,i‘’=> 

LTV  to  SPO.  PJ1&0/3R-68O.  dated  10  June  »6d,  provided  b> 


No  information  was  available 
J?”  t*?e  P°ssible  noise  attenuation 
due  to  the  cargo  compartment 
ballast  tanks.  These  were  larqe 
structures  filled  with  various 
amounts  of  water  to  simulate 
various  payloads. 

The  contractor  noise  tests 
and  calculations  were  made  using 
the  sandwich-constructed  panel 
(Metalite)  selected  as  the  pro¬ 
duction  aircraft  skin.  This  type 
panel  was  claimed  to  have  a  high 
acoustic  transmission  loss.  This 
attenuation,  combined  with  addi¬ 
tional  acoustic  insulation  and 
elimination  of  openings,  should 
provide  sufficient  noise  suppression 
to  prevent  any  hearing  loss.  Actual 
effects  of  these  various  consider¬ 
ations  must  be  tested  before  an 
evaluation  can  be  made. 


The  cockpit  temperatures  were 
too  high  and  the  pilots  were  com¬ 
fortable  only  when  the  ambient 
temperature  was  below  zero  degrees 
C  • 

This  high  temperature  was 
caused  by  the  lack  of  an  adequate 
ventilation  and  blower  system,  and 
by  the  "greenhouse"  effect  of  the 
plexiglass  windshield.  No 
quantitative  data  were  collected 
but  the  pilots’  estimates  were  that 
a  temperature  differential  of  about 
.  degrees  F  existed  between  the 
interior  air  and  the  ambient  air. 
he  fan  provided  the  only  means 
for  cooling  and  was  inadequate. 

Cool  suits"  should  be  provided 
wnen  the  aircraft  are  delivered  for 
Category  II.  (b  108) 

The  tolerance  for  hot  environ- 
ments  is  much  more  critical  than 
that  for  cold.  If  tolerance  limits 
are  exceeded  in  the  hot  environment 
an  acute  physiological  condition 
Wlbb  fainting  ar.d  prostration  may 
quickly  ensue  (AFSCM  80-1,  C. 6-2.3. 1.1) 
Air-conditioning  should  be  provided 
m  production  aircraft.  (D  109) 

WIND  BLAST 

•  Propeller  wash  was  hazardous 
since  high  winds  were  created 
during  V/STOL  operations.  This 

^as"  ^n:5c^ec^  down  personnel 
and  affected  equipment  located  more 
than  75  feet  from  the  aircraft. 

Loose  objects  would  be  a  hazard  to 
personnel,  supplies,  and/or  equip¬ 
ment  m  the  immediate  area  of 
V/ST°L  operations.  The  hazardous 

'(Dni06}aSt  arSaS  should  be  defined. 


GENERAL 

The  XC-142A  design  objective 
was  to  provide  a  full  scale  tilt¬ 
wing  V/STOL  transport  aircraft 
with  which  the  operational  capa¬ 
bilities  could  be  determined  for 
V/STOL  aircraft  in  general  and 
tilt-wing  V/STOL  aircraft  in 
particular.  It  was  not  intended 
to  be  a  production  model.  As  a 
concept  evaluation  vehicle  it  was 
satisfactory  except  for  three 
known  safety  of  flight  deficiencies 
and  22  known  deficiencies  which 
would  interfere  with  Category  II 
testing  if  not  corrected.  There 
were  44  additional  deficiencies 
which  should  be  corrected  and  re¬ 
evaluated  during  Category  II  tests 
and  44  more  which  should  be  cor¬ 
rected  for  a  production  C-142. 

Most  of  the  known  deficiencies 
were  with  systems  which  had  not 
been  sufficiently  checked  out  be¬ 
fore  installation  due  to  the 
limited  funds  available.  The 
novel  and  critical  systems  (i.e., 
flight  control  system,  gearboxes, 
cross-shafting,  wing  tilt,  etc.) 
were  more  completely  developed  be¬ 
fore  installation  and  gave  little 
trouble . 


The  aircraft  was  safe  and 
simple  to  fly.  Most  of  the  defi¬ 
ciencies  were  in  the  aircraft  sub¬ 
systems.  With  the  correction  of  25 
items  the  XC-142A  would  be  ready 
for  Category  II  tests.  The  XC-142A 
was  not  ready  for  production. 

Each  recommendation  has  the 
letter  A,  B,  C,  or  D  as  a  prefix. 
These  letters  denote  the  following: 

A-  Safety  of  Flight.  Mandatory 
correction  prior  to  delivery 
of  the  first  XC-142A  for 
Category  II  testing. 

B-  Deficiencies  which  will  in¬ 
terfere  with  the  Category  II 
concept  evaluation  unless 
corrected.  Mandatory  cor¬ 
rection  prior  to  delivery  of 
the  first  XC-142A  for  Category 
II  testing. 

C-  Deficiencies  which  will  not 
interfere  with  the  Category 
II  concept  evaluation,  but  the 
corrections  should  be  evalu¬ 
ated  before  the  end  of  Cate¬ 
gory  II.  Mandatory  correction 
before  the  end  of  Category  I 
testing. 
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D-t  Deficiencies  which  should  be 
corrected  for  an  operational 
aircraft.  Desirable  correction 
before  the  end  of  Category  I. 

The  following  ASD  comment 
applies  to  all  recor  tendations  pre¬ 
ceded  by  an  asteris..  {*)  . 

ASD  COMMENT:  ASD  does  not 
consider  this  item  to  be  a 
requirement  of  the  present 
program.  Items  will  be  re¬ 
considered  when  and  if  a  pro¬ 
duction  configuration  is. 
established . 

SAFETY  OF  FLIGHT 
DEFICIENCIES 

The  overhead  emergency  escape 
hatch  handles  were  pinned  to  pre¬ 
vent  them  from  vibrating  loose  in 
flight.  The  pins  had  to  be  pulled 
before  the  handles  could  be  moved 
to  release  the  hatches. 

A  1.  The  overhead  escape  hatches 
should  be  secured  so  that 
they  can  be  rapidly  re¬ 
moved  in  emergency  situ¬ 
ations.  The  removal  must 
be  easily  accomplished 
with  only  one  "lock-unlock” 
control  as  specified  in 
AFSCM  80-1  (C. 6-2. 4. 3. 3) 

(page  4  ) . 

ASD  COMMENT:  ASD  concurs. 

All  pins  have  been  removed 
and  easy  single  "lock-unlock" 
feature  incorporated.  Force 
requirements  of  AFSCM  80-1 
have  not  been  met. 

Wing  and  fuselage  shaft  bearing 
temperatures  could  not  be  monitored 
in  flight.  Monitoring  is  necessary 
to  warn  of  an  impending  bearing 
failure. 

A  2.  A  wing  and  fuselage  shaft 
bearing  overheat  warning 
system  should  be  installed 
so  that  the  pilots  can 
detect  an  overheating 
condition  in  flight  (page  37). 


ASD  COMMENT:  ASD  concurs  and 
the  recommendation  has  been 
incorporated . 

The  aileron  servo  valve  could 
ne  overstressect  during  ground  oper¬ 
ations  when  the  wing  was  up,  the 
fl'ps  down,  and  no  hydraulic  power 
was  available  to  the  flight  control 
system. 

A  3.  The  aileron  control  sys¬ 
tem  should  be  modified  to 
prevent  damage  to  the 
aileron  servo  valve  during 
ground  operations  (page 
45)  • 

ASD  COMMENT:  ASD  concurs  and 
all  aircraft  have  been  modi¬ 
fied  to  comply  with  recommen¬ 
dation  . 

FLIGHT  RESTRICTIONS 

The  design  center  o:T  gravity 
limits  were  15-  to  28-pevcent  MGC, 
but  the  range  available  for  eval¬ 
uation  was  only  17-  to  28- percent 
MGC.  The  flight  envelope  limits 
during  this  evaluation  were  too 
restrictive  to  adequately  evaluate 
the  XC-142A  maneuvering  character¬ 
istics.  The  rear  cargo  doors  had 
not  been  cleared  for  in-fligh’- 
operation.  In  the  V/STOL  flight 
regime  the  allowable  flight  1 i  nits 
had  not  been  completely  define*.  . 

The  maximum  translational  speeds 
in  hover  had  not  been  explored  to 
either  the  design  limits  or  the 
actual  safe  aircraft  capability 
limits .  Recirculation  ground 
effects  in  hover  required  an  in¬ 
crease  in  control  activity.  The 
limits  of  safe  control  activity 
and  attitude  had  not  been  defined. 

C  4.  The  structural  limits 

should  be  expanded  to  300 
KEAS  and  2.4  g's  (page  25). 

ASD  COMMENT:  ASD  concurs, 
expect  this  capability  prior 
to  completion  of  Category  I 
testing . 
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C  5.  The  center  of  gravity 

limits  should  be  deter¬ 
mined  (page  15  ) . 

ASD  COMMENT:  ASD  concurs. 

Center  of  gravity  limits  to 

be  determined  in  Category  I. 

C  6.  Stalls  in  the  cruise  con¬ 
figuration  and  a  10/30 
degree  CA  landing  con¬ 
figuration  should  be 
demonstrated  (page  26). 

ASD  COMMENT:  ASD  concurs. 

Item  complete. 

C  7.  The  maximum  safe  sideslip 
limits  should  be  deter¬ 
mined  (page  25  ) . 

ASD  COMMENT:  ASD  concurs. 

This  will  be  accomplished  in 

Category  I. 

C  8.  The  maximum  safe  roll  rate 
limits  should  be  deter¬ 
mined  (page  26). 

ASD  CfMMENT:  ASD  concurs. 

Item  complete. 

C  9.  T’e  rear  cargo  door  oper¬ 
ation  should  be  demon¬ 
strated  in  flight  at  the 
maximum  allowable  speed 
with  and  without  the  tail 
propeller  operating,  and 
in  hover  (page  4  )  . 

ASD  COMMENT:  ASD  concurs. 

This  will  be  accomplished  in 

Category  I. 

C  10.  The  flight  limits  should 
be  determined  for  various 
SAS  failure  conditions 
(page  29)  . 

ASD  COMMENT:  ASD  concurs. 

Flight  limits  will  be  deter¬ 
mined  during  Category  I. 

C  11.  The  hover  translation 

envelope  limits  should  be 
established  (page  13). 


ASD  COMMENT:  ASD  cone  trs-.  . 

Item  complete. 

C  12.  The  hover  control  and 

attitude  limits  should  be 
determined  (page  11). 

ASD  COMMENT:  ASD  concurs. 

Item  complete. 

*D  13.  The  structural  envelope 
should  be  expanded  to 
vmax  at  3  g‘s  (page  25'. 

PERFORMANCE  AND  STABILITY 
AND  CONTROL  (HANDLING 
QUALITIES) 

Vertical  takeoff  and  hover 
were  easy  to  accomplish,  although 
a  possible  recirculation  caused 
turbulence  between  4  and  10  feet 
above  the  ground.  Controllability 
and  maneuverability  were  good  about 
all  axes,  and  precise  control  was 
easily  accomplished  in  smooth  air 
with  minor  control  motions.  Height 
control  was  good  if  sufficient  ex¬ 
cess  engine  power  was  available. 

The  aircraft  was  roll  sensitive  to 
gusts.  The  hover  performance  was 
less  than  predicted  by  about  12 
percent.  This  was  attributed  to  a 
loss  in  propeller  efficiency  and 
inadequate  engine  topping  pro¬ 
cedures.  No  change  in  power  re¬ 
quired  to  ho\er  within  ground 
effect  was  detected. 

C  14.  The  propeller  efficiency 

should  be  improved  and  the 
engine  topping  procedures 
changed  to  attain  at  least 
design  hover  performance 
(pages  .12  and  37  ) . 

ASD  COMMENT:  ASD  concurs.  A 
redesigned  propeller  is  being 
prepared  for  test.  Engine 
topping  procedures  have  been 
improved . 

The  directional  control  force 
gradients  in  the  STOL,  VTOL,  and 
hover  configurations  were  con¬ 
sidered  high  by  the  pilots  and  ex¬ 
ceeded  the  requirements  of  AGARD 
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408  and  MIL-H-8501A.  The  contractor 
successfully  demonstrated  the  hover 
handling  characteristics  with 
various  SAS  combinations,  including 
all  SAS  off.  Pilot  proficiency  in 
hover  techniques  was  essential  for 
safe  operation  with  the  SAS  off. 

Roll  SAS  off  characteristics  were 
the  most  difficult  from  the  pilot 
standpoint.  The  contractor 
successfully  demonstrated  a  com¬ 
plete  verticircuit  with  all  SAS  off. 
Care  had  to  be  exercised  in  roll  to 
avoid  high  roll  rates.  Moderate 
directional  disturbances  occurred 
near  the  ground. 

C  15.  The  rudder  force  gradient 
should  be  decreased  by  50 
percent  in  the  STOL  and 
VTOL  conf iguratio  is  (page 
10  )  . 

ASD  COMMENT:  A  lower  force 
gradient  is  being  designed 
for  this  configuration. 


ASD  COMMENT:  ASD  concurs. 

The  item  is  under  study  for 

further  flight  test. 

Maximum  power  climb  perfor¬ 
mance  was  outstanding  for  a  cargo/ 
transport-type  aircraft.  At  a 
gross  weight  of  35  9C0  pounds,  the 
time  to  climb  from  sea  level  to 
25  000  feet  was  6.1  minutes.  During 
maximum  power  climbs,  the  aircraft 
was  sensitive  longitudinally  and 
attention  was  required  for  airspee^ 
control.  Persistent  small  yaw  ex¬ 
cursions  of  less  than  2  degrees 
were  observed  throughout  the  climbs. 

The  best  specific  range  was 
obtained  with  two  engines  oper¬ 
ating.  Specific  range  with  two 
engines  operating  was  4  to  12 
percent  less  than  predicted  in  the 
Flight  Manual.  The  best  cruise 
speeds  were  very  close  to  pre¬ 
dictions.  There  was  no  noticeable 
difference  in  total  power  required 
between  2-  and  4-engine  cruise  at 
the  same  conditions. 


Conversions  were  easily  ac¬ 
complished  and  could  be  initiated 
from  hover  or  climb.  Trim  changes 
during  conversions  were  negligible. 
Except  for  a  slight  decrease  in 
roll  damping  there  was  little  de¬ 
terioration  in  flying  qualities 
during  conversions  with  one  SAS 
channel  inoperative  on  each  axis. 

The  aircraft  acceleration  was 
outstanding,  accelerating  to  a  40 
K1AS  lift-off  speed  in  3.8  seconds. 
Controllability  about  the  roll  and 
pitch  axes  was  good.  The  static 
directional  stability  was  unsatis¬ 
factory,  and  precise  directional 
control  was  difficult,  especially 
at  wing  angles  above  35  degrees. 
Trim  changes  during  takeoff  and 
climbout  were  negligible.  Cross- 
wind  takeoff  and  landing  character¬ 
istics  were  satisfactory. 

C  16.  The  STOL  static  directions] 
stability  should  be  in- 
proved  (page  15). 


The  longitudinal  stick  force 
per  g  was  tested  at  210  KCAS  and 
was  too  low.  Although  it  met  the 
design  requirement  based  on  a  class 
III  fighter  aircraft  (refer  to 
MIL-F-8785 (ASG) ) ,  it  did  not  meet 
the  class  II  cargo  aircraft  re¬ 
quirement. 


B  17. 


The  longitudinal  stick 
force  gradient  in  cruise 
should  be  increased  to 
meet  MIL-F-8785 (ASG)  class 
II  cargo  requirements 
(page  25). 


ASD  COMMENT:  ASD  does  not 
concur.  A  study  is  being 
made  to  determine  the  feasi¬ 
bility  of  optimizing  the  sys¬ 
tem  over  the  range  of  air¬ 
speeds  and  altitudes  of  a 
V/STOL  aircraft. 

The  rudder  deflection,  force 
required,  and  the  static  directional 
stability  were  low  at  cruise  speeds  . 


Although  the  rudder  pedal  forces 
were  within  the  limits  of  MIL-F- 
8785 (ASG),  they  were  considered 
unsatisfactory  when  coupled  with 
the  low  static  directional  sta¬ 
bility  in  cruise. 

C  18.  The  rudder  forces  in  cruise 
should  be  increased  (page 
25)  . 

ASD  COMMENT:  ASD  concurs. 

New  hardware  is  being  designed. 

"Loping"  was  manifested  in  the 
cockpit  by  longitudinal  acceleration 
pulses  of  small  magnitude  and 
varying  frequency.  It  occurred 
during  high-speed  low-power  clean 
configuration  descents.  The  con¬ 
tractor  attributed  this  to  the 
propeller  governor  operating  at 
the  minimum  governing  rpra. 

*D  19.  The  “loping"  during  high¬ 
speed  low-power  descents 
should  be  investigated  and 
corrected  (page  19 ). 

Buffet  onset  and  buildup 
characteristics  were  similar  for 
all  configurations  tested,  and  were 
very  close  to  predictions.  The 
light  buffet  region  was  adequate 
to  warn  the  pilot  during  descents. 
The  buffet  onset  speed  was  too  high 
in  the  cruise  configuration  since 
it  was  coincident  with  the  best 
climb  soeed.  At  CA’s  of  14/30  and 
0/0  deg  -®es  the  buffet  onset  speeds 
were  6  25  KIAS,  respectively, 

above  the  minimum  usable  .airspeeds. 
Recovery  from  descent  bounday 
buffet  was  easily  made  by  power 
application. 

*C  20.  The  buffet  onset  speed  at 
a  CA  of  0/0  degrees  should 
be  reduced  (page  26). 

The  reconversion  and  vertical 
landing  were  easily  accomplished’ 
and  could  be  made  any  time  there 
was  sufficient  power  to  hover. 
Although  the  fiight  capabilities 
for  pattern  and  field  operations 


were  very  flexible,  the  procedure 
for  setting  up  the  landing  config¬ 
uration  was  much  more  complicax.ad 
than  that  for  a  conventional  air¬ 
craft.  Approaches  were  easily  made 
to  a  specific  point  for  hover  or 
vertical  landing.  A  slight  floating 
or  ballooning  tendency  was  present 
at  the  lower  wing  angles  if  the 
wing  incidence  was  changed  too 
rapidly,  but  trim  changes  were 
negligible  throughout  the  entire 
reconversion.  A  minimum  height  of 
50  feet  had  to  be  maintained  during 
reconversion  to  avoid  ground  effect 
instabilities  at  high  wing  angles. 

The  landing  distances  over  a 
50-foot  obstacle  were  too  long  for 
an  aircraft  of  this  type  and  were 
not  compatible  with  the  short  take¬ 
off  distances.  In  all  cases  tested 
the  landing  distances  were  longer 
than  predicted.  The  brakes  over¬ 
heated  and  faded  during  taxi. 

During  maximum  performance  landings 
the  brakes  were  inadequate  as 
evidenced  by  the  relatively  long 
ground  rolls  and  the  absence  of 
high  deceleration  effects. 

*C  21.  The  short  landing  perfor¬ 
mance  should  be  improved 
to  be  compatible  with  the 
takeoff  performance  (page 
22). 

C  22.  The  braking  system  should 
be  improved  (pages  9,  21, 
and  41). 

•  ASD  COMMENT:  ASD  concurs. 

Brake  system  is  being  improved. 

During  landing  at  wing  angles 
of  30  to  35  degrees,  there  was  a 
slight  negative  ground  effect  be¬ 
low  about  10  feet.  Directional 
control  during  landing  deteriorated 
with  increased  wing  angles ,  but 
was  satisfactory  up  to  35  degrees. 
Serious  stability  and  control  de¬ 
terioration  occurred  during  a 
landing  with  a  CA  of  45/60  degrees, 
and  to  a  lesser  extent  during  a 
takeoff  with  a  CA  of  45/30  degrees. 
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The  effects  of  flap  program  changes 
were  not  evaluated.  The  aircraft 
had  good  waveoff  characteristics. 


C  23.  The  3T0L  CA  limits  should 
be  determined  (pages  15 
and  22 )  . 

ASD  COMMENT:  ASD  concurs. 

Tl is  will  be  accomplished 
during  Category  I. 


SYSTEMS  EVALUATION 

■  AIRFRAME 

The  Dlexiglass  windshields 
exhibited  a  lew- frequency  vibra¬ 
tion  at  airspeeds  above  215  KIAS 
which  was  annoying  to  the  pilots 
and  potentially  dangerous.  They 
were  not  impact-proof. 

C  24.  The  strength  of  the  wind¬ 
shields  should  be  reeval¬ 
uated,  and  the  effects  of 
the  vibrations  on  their 
fatigue  life  should  be 
determined.  The  cause  of 
the  vibrations  should  be 
determined  and  the  vibra¬ 
tions  should  be  eliminated 
(page  30). 

ASD  COMHENT:  Vibration  effects 
have  been  evaluated.  Stresses 
on  glass  and  structures  are  low. 
Ho  further  action  is  contem¬ 
plated  for  present  program. 


C  26.  The  modified  wing  ribs 
should  be  installed  on 
all  XC-142A  aircraft 
(page  31  )  . 

ASD  COMMENT:  ASD  concurs. 
Redesigned  ribs  have  bean 
installed  on  all  aircraft. 

*D  27.  The  static  test  wing 

should  be  modified  and 
tested  to  150  percent  of 
limit  load  (page  31  ). 

The  personnel  entrance  door 
opened  inadvertently  in  flight 
which  was  attributed  to  lack  of 
an  overcentering  lock.  An  escape 
hatch  tore  lcose  and  was  lost  in 
flight.  This  failure  was  attributed 
to  a  weak  hinge  point.  Tail  pro¬ 
peller  shaft  failure  could  result 
in  damage  to  the  fuselage  shaft 
tunnel  and  to  the  fuel  cells.  The 
front  air  deflector  did  net  always 
remain  properly  sequenced  to  the 
wing.  This  resulted  in  the  wing 
being  lowered  over,  and  damaging, 
the  deflector. 

3  28.  The  personnel  entrance 

door  lock  should  include 
an  overcentering  mechanism 
to  insure  positive  locking 
(page  31). 

ASD  COMMENT:  ASD  concurs. 

All  aircraft  have  been  modi¬ 
fied. 

B  29.  A  reliable  system  should 
be  incorporated  which 
will  insure  the  proper 


*D  25.  The  windshields  should  be 
made  impact-proof  (page 
30  ). 

The  wing  used  for  static 
structural  tests  failed  twice  at 
abou':  110  percent  of  the  limit 
load  for  a  50-fps  gust  at  350  KEAS. 
Wing  ribs  cracked  on  the  No.  1  air¬ 
craft  during  the  50-nour  tiedown 
tests.  Redesigned  ribs  were  in¬ 
stalled  on  the  No.  1  aircraft  wing 
and  the  static  test  wing. 


sequencing  of  the  for¬ 
ward  air  deflector  with 
the  wing  (page  31  ). 

ASD  COMMENT :  ASD  concurs . 
All  aircraft  have  been  modi¬ 
fied. 

C  30.  The  escape  hatch  hinge 
point  should  be 
strengthened  to  with¬ 
stand  airspeeds  through 

Vmax  (?age  30  >* 
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ASD  COMMENT:  ASD  concurs. 

All  aircraft  have  been  modi¬ 
fied. 

*C  31.  Shielding  should  be  pro¬ 
vided  in  the  fuel  cell 
area  to  prevent  possible 
fuel  cell  rupture  by  a 
shaft  failure  (page  31  ) . 

The  top  of  the  cargo  door  (in 
the  up  position)  was  used  bv  main¬ 
tenance  personnel  as  a  walkway. 
This  surface  had  no  protection. 
Many  access  panels  were  attached 
with  screws  rather  than  Dzus  or 
camlock  fasteners. 

C  32.  The  top  of  the  upper 

cargo  door  should  have 
a  walkway  if  it  does  not 
interfere  with  the  air¬ 
flow,  or  a  protective 
cover  should  be  provided 
(page  31  ). 

ASD  COMMENT:  ASD  does  not 
concur.  These  are  "no  step’’ 
areas . 

*D  33.  Nonstress  access  panels 
should  be  attached  with 
Dzus  or  camlock-type 
fasteners  (page  31  ). 


The  overhead  plexiglass  panels 
directly  above  the  pilot  and  co¬ 
pilot  stations  contributed  to  heat 
buildup  because  of  solar  radiation 
(“greenhouse  effect").  They  had 
been  painted  over  to  reduce  the 
temperature  increase,  which  could 
be  as  much  as  35  degrees  F  above 
ambient.  Overhead  viability  was 
required  to  clear  traffic  before 
a  vertical  takeoff. 

*D  34.  Overhead  windows  should 
be  installed  in  V/STOL 
aircraft  cockpits. 
Adjustable  sunglare 
curtains  should  be  in¬ 
stalled  to  decrease  the 
solar  radiation  effect 
(pages  6  and  30  ) . 


A  3-step  stand  was  normally 
used  by  the  pilots  to  enter  the 
aircraft,  but  this  was  not  aircraft 
equipment.  No  hard  points  specif¬ 
ically  for  snatch  pulleys  were 
provided  to  help  in  loading  cargo. 
No  winch  was  provided  to  pull  cargo 
into  the  cargo  compartment.  The 
fuselage  jacks  used  for  the  air¬ 
craft  were  not  found  in  the  Air 
Force  inventory  since  they  had  to 
be  short  yet  have  a  long  stroke. 

B  35.  The  required  jacks 

should  be  provided  wich 
the  aircraft  (page  32  ) . 

ASD  COMMENT:  ASD  concurs. 

Jacks  have  been  delivered. 

*D  36.  Suitable  lightweight 

steps  should  be  provided 
(page  4  >. 

*D  37.  A  winch  should  be  pro¬ 
vided  to  facilitate  load¬ 
ing  cargo  (page  32  ). 

*D  38.  If  existing  cargo  tie¬ 
downs  are  unsuitable 
for  use  as  snatch  pulley 
attachment  points,  then 
hard  points  should  be 
provided  (page  32  ). 


■  COCKPIT 

Except  for  the  vertical  direc¬ 
tion,  ground  and  air  visibility 
from  the  cockpit  was  excellent. 

The  effectiveness  of  several 
of  the  cockpit  instruments  was  de¬ 
graded  by  their  locations  and/or 
markings.  Many  instruments  were 
worn  and  had  to  be  replaced  due  to 
the  considerable  amount  of  aircraft 
ground  checkout  time.  The  engine 
oil  pressure  indicators  were  lo¬ 
cated  on  the  center  panel.  The 
gearbox  oil  pressure  indicators 
and  engine/gearbox  oil  temperature 
indicators  were  on  the  overhead 
panel  where  they  were  difficult  to 
read. 
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B  39. 


?: 

f 

I 


The  wing/flap  position 
indicators  should  be 
graduated  in  5-degree 
increments  and  numbered 
every  10  degrees.  They 
should  be  relocated  near 
the  flight  instruments 
to  conform  to  AFSCM 
80-1  (C. 2-2. 2. 2. 6. 3) 

(page  6  ). 

ASD  COMMENT:  ASD  concurs. 
All  aircraft  have  been  modi¬ 
fied. 

C  40.  The  engine  and  gearbox 
oil  pressure  indicators 
should  be  combined  in  a 
dual  needle  instrument. 
The  engine  and  gearbox 
oil  temperature  indi¬ 
cators  should  be  simi¬ 
larly  combined.  These 
pressure  and  temperature 
instruments  should  be 
located  on  the  center 
panel  (page  6  ) . 

ASD  COMMENT:  ASD  does  not 
concur;  too  costly  for  pres¬ 
ent  program. 

*D  41.  A  master  instrumentation 
switch  should  be  pro¬ 
vided  to  reduce  unnec¬ 
essary  instrument  oper¬ 
ates  time  (page  46  ). 

*D  42.  The  standby  magnetic 
compass  should  be  re¬ 
located  so  that  it  will 
not  impair  visibility 
from  the  cockpit  (page 
6  ). 

*D  43.  The  total  torque  indi¬ 
cator  should  be  deleted 
(page  6  ). 

*D  44.  The  overhead  panel 

should  be  inclined  more 
and  shifted  forward 
(page  7  ). 

The  effectiveness  of  several 
of  the  controls  and  switches  was 


degraded  due  to  their  location. 

For  example,  the  emergency  landing 
gear  extension  was  accomplished 
only  by  manually-controlled  valves 
in  the  cargo  compartment.  The 
collective  lever  had  to  be  raised 
slightly  during  short  landings  to 
allow  retraction  of  the  lower 
collective  gate  solenoid.  This 
delayed  attaining  ground  idle  and 
lengthened  the  ground  roll. 

B  45.  The  lover  collective 

gate  solenoid  should  be 
modified  to  provide  only 
increased  friction  force 
with  no  positive  stop 
(page  8  ). 

ASD  COMMENT:  ASD  concurs; 
the  item  is  under  study. 

C  46.  The  emergency  wing  con¬ 
trol  switch  on  the  over¬ 
head  panel  should  be 
relocated  adjacent  to 
the  primary-secondary 
switch  (page  7  ). 

ASD  COMMENT:  ASD  does  not 
concur.  All  emergency  switches 
are  maintained  in  a  common  lo¬ 
cation  . 

*C  47.  The  propeller  governor 
switch  should  be  re¬ 
located  or  duplicated 
to  permit  actuation  by 
either  pilot  with  his 
shoulder  harness  locked 
(page  7  ). 

C  48.  A  control  should  be  in¬ 
cluded  in  the  cockpit 
to  provide  emergency 
landing  gear  extension 
(page  41  )  . 

ASD  COMMENT:  ASD  concurs. 

This  will  be  accomplished  dur¬ 
ing  Category  I. 

*D  49.  The  APU  fire  control  T- 
h an die  should  be  changed 
to  allow  immediate  phys¬ 
ical  distinction  from 
adjacent  engine  fire 
control  handles  (page  6  ). 
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*D  50.  The  chip-detector  wafer 
switch  should  be  re¬ 
located  for  easier 
access  and  to  conform 
to  AFSCM  80-1  (C. 2-1. 3.1) 
(page  7  ). 

*D  51.  The  landing  gear  handle 
should  be  relocated  or 
duplicated  to  permit 
actuation  by  either 
pilot  with  his  shoulder 
harness  locked  (page  6  ). 

Ej action  seats  were  provided 
in  the  five  test  aircraft,  but  were 
not  planned  for  production  aircraft. 
They  were  provided  with  height 
adjustments  but  not  fore  and  aft 
adjustments. 

*D  52.  Zero-zero  ejection  seats 
should  be  provided  in 
production  V/STOL  air¬ 
craft  for  the  pilots 
(page  6  ). 

*D  53.  Fore  and  aft  pilot  seat 
adjustment  capability  as 
recommended  in  AFSCM  80-1, 
Volume  III,  drawing  AD3, 
should  be  provided  (page 
6  ). 

Instrument  flight  simulation 
equipment  was  not  provided. 

C  54,  IFR  simulation  equipment 
should  be  provided  so 
that  the  instrument 
flight  capabilities  of 
the  XC-142A  can  be 
evaluated  (page  8  ). 

ASD  COMMENT:  AFFTC  agreed  to 

accomplish  this  task. 

■  ENGINES 

Engine  failure  had  no  effect 
on  handling  qualities  when  the 
cross-shafting  was  operating. 

Engine  starting  times  were  almost 
double  the  indicated  Flight  Manual 
time  of  35  seconds.  Engine  front 
frame  cracks  caused  removal  of 
three  engines  during  the  propulsion 


integrated  test  stand  (PITS)  tests. 
The  FOD  rate  on  the  T64-GE-1  engine 
was  very  high. 

B  55.  The  engine  front  frames 
should  be  modified  to 
prevent  cracking  (page 
35  ). 

ASD  COMMENT:  ASD  concurs. 

A  modified  frame  is  being 
tested  and  will  be  installed 
if  necessary. 

*C  56.  The  compressor  inlet 
should  be  redesigned 
and/or  a  separator 
should  be  considered  to 
reduce  the  FOD  (page  34  ). 

*D  57.  The  engine  starting 

times  should  be  reduced 
to  35  seconds  or  less 
(pages  8  and  33  )  . 

The  engine  and  IGC  oil  tanks 
cracked  and  leaked  early  in  the 
program.  The  mounting  straps 
frequently  broke  and  it  was  diffi¬ 
cult  to  install  the  tanks  using 
the  straps.  When  an  engine  was 
shut  down  in  flight,  the  power 
turbine  windmilled  but  the  gas 
generator  turbine  did  not  rotate, 
apparently  due  to  the  drag  of  the 
starter-pump.  Since  lubrication 
for  both  turbines  was  provided  by 
the  gas  generator  turbine  pump, 
the  power  turbine  lubrication  was 
questionable.  Hydraulic  fluid 
leaked  from  the  transfer  valves 
and  IGC's.  The  fluid  accumulated 
in  the  engine  and  caused  significant 
power  losses.  The  technique  used  to 
determine  the  degree  of  power  loss 
was  time  consuming  and  complex, 

B  58.  The  engine  and  IGC  oil 
tanks  should  have  load 
pads  to  prevent  cracking 
(page  36  ) . 

ASD  COMMENT:  ASD  concurs. 
Improved  mounting  arrange¬ 
ments  have  been  incorporated 
on  all  aircraft. 
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B  59. 


Installation  of  the  en¬ 
gine  and  IGC  oil  tanks 
should  be  simplified 
(page  36  ). 


ASD  COMMENT:  ASD  concurs. 

Tanks  have  been  modified. 

C  60.  Studies  should  be  made 

to  determine  the  adequacy 
of  the  power  turbine 
lubrication  with  no  gas 
generator  turbine  rpm. 
Operating  restrictions 
should  be  established 
(page  33j). 

ASD  COMMENT:  ASD  concurs. 

Time  limitation  of  1  1/2 

hours  incorporated  in  Plight 

Manual. 

C  61.  The  transfer  valve  and 
IGC  hydraulic  leaks 
should  b'  eliminated 
(pages  35/  and  42;  )  . 

ASD  COMMENT:  ASD  concurs. 

Improvements  are  in  progress. 

Proper  engine  oil  service 
levels  were  shown  by  indicator 
lights,  but  v/ere  deactivated  when 
the  engine  switches  were  turned  on. 
No  oil  level  indication  was  avail¬ 
able  during  flight. 


*D  62.  The  engine  oil  level 
warning  system  should 
be  changed  to  provide 
low  level  indications 
during  flight,  in  addi¬ 
tion  to  proper  service 
levels  before  engine 
start  (page  7  ). 

POWER  TRANSMISSION  SYSTEM 


The  tridirectional  gearcase 
was  limited  to  a  10-hour  inspectioi 
interval  due  to  the  failure  of  the 
input  gear  caused  by  a  resonant 
frequency  vibration  associated  wit! 
rpm.  Inspections  revealed  abnorma! 
wear  to  the  wing  shaft  bearings. 
Many  fuselage  shaft  bearings  were 


B  63.  A  modified  input  gear 

should  be  developed  and 
incorporated  in  the  tri¬ 
directional  gearcase  to 
eliminate  fatigue  fail¬ 
ure  and  permit  an  in- 
creased  inspection 
interval  (page  36  ). 

ASD  COMMENT:  ASD  concurs. 
New  gear  has  been  developed 
and  is  being  installed  in 
the  aircraft. 

C  64.  The  wing  shaft  bearing 
liis  should  be  improved 
(page  37  ). 

ASD  COMMENT:  ASD  concurs. 

New  designed  bearings  are 
being  incorporated  at  over¬ 
haul. 

*D  65.  A  complete  maintain¬ 
ability  program  should 
be  pursued  to  insure 
that  shaft  bearings  and 
all  other  components  are 
accessible  for  inspec¬ 
tion  (page  37  ). 

*D  66.  Precise  installation 

procedures  and  techniques 
should  be  provided  to 
insure  that  proper  in¬ 
stallation  tolerances 
are  maintained  (page  38  ). 

PROPELLERS 


demonS trated  the  feather  operation 
of  the  No.  1  and  4  propellers.  The 
aircraft  was  safely  landed  in  this 
configuration  with  a  10/30  degree 


demonstrated  the  feather  operation 
of  the  No.  3  propeller.  The  air¬ 
craft  was  safe!’-  nded  in  this 
configuration  wi  1  0/30  degree 

vA  • 
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The  hub  moment  produced  by 
the  main  inboard  propeller  blades 
was  found  to  be  higher  than  ex¬ 
pected  which  resulted  in  cracks  in 
one  IGC. 

B  67.  All  main  propeller  hubs 
should  be  modified  to 
compensate  for  the  high 
stresses  (page  37  ) . 

ASD  COMMENT:  ASD  concurs. 
Propeller  hubs  have  been  re¬ 
designed  and  will  be  in¬ 
stalled  at  overhaul. 

FUEL  SYSTEM 

A  defueling  check  valve  had 
to  be  manually  positioned  inside 
the  aircraft  before  defueling. 

B  68.  The  defueling  valve 

should  be  located  with 
the  single-point  re¬ 
fueling  controls.  If 
this  is  not  possible,  a 
placard  should  be  placed 
near  the  single-point 
refueling  controls  to 
remind  ground  personnel 
to  open  the  valve  (page 
38  )  . 

ASD  COMMENT:  ASD  concurs. 

A  placard  has  been  installed 
in  the  aircraft. 


|  ELECTRICAL  SYSTEM 

The  tail  propeller  clutch  sys¬ 
tem  used  a  time-delay  feature  which 
was  influenced  by  transient  currents 
and  could  result  in  premature  applica¬ 
tion  of  full  hydraulic  system 
pressure.  It  was  also  possible 
to  actuate  the  switches  in  the 
wrong  sequence.  Both  of  these 
situations  occurred,  and  each  time 
the  tail  propeller  shaft  failed. 

The  propeller  fea-ther  circuit  re¬ 
quired  that  the  decouple  switches 
for  No.  2  and  3  engines  be  ener¬ 
gized  before  activation  of  the 
feathering  switches  for  propellers 
No.  1  and  4. 


C  69.  A  reliable  and  safe 

tail  propeller  clutch 
control  system,  should 
be  installed  on  all  air¬ 
craft.  A  tail  propeller 
"ON-SPEED"  indicator 
should  be  considered 
(pages  7  and  39) . 

ASD  COMMENT:  ASD  concurs. 

The  system  has  been  redesigned 

for  greater  reliability. 

D  70.  The  decoupling  operation 
should  be  automatic  and 
integrated  with  the 
appropriate  feathering 
switches,  but  the  sepa¬ 
rate  decoupling  capa¬ 
bility  should  be  retained 
(pages  7  and  40  ) . 

ASD  COMMENT:  ASD  concurs. 

Item  complete. 

*D  71.  The  feathering  circui t 
should  be  designed  so 
that  it  can  be  checked 
during  preflight  (page 
40  ). 

Transient  currents  in  the  two 
main  electrical  power  source  cir¬ 
cuits  resulted  in  undesired  com¬ 
ponent  operation. 

*D  72.  The  electrical  circuits 
in  a  production  aircraft 
should  be  designed  to 
prevent  transient  cur¬ 
rents  .  (page  39) . 

The  high  vibration  environment 
resulted  in  considerable  wire  break¬ 
ages  in  the  tachometer  generator 
for  the  main  propeller  monitor,  the 
propeller  seizure  warning  circuit, 
and  the  SAS. 

B  73.  Wire  breakages  should 
be  eliminated  in  the 
tachometer  generator 
for  the  propeller 
governor,  propeller 
seizure  warning,  and 
the  SAS  circuits  (page 
39  ). 
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such  that  it  would  be  impossible 
to  pressurize  the  accumulator  if 
cargo  was  located  next  to  the  pump. 


*D  84. 


B  80. 


An  APU  start  accumulator 
surge  valve  should  be 
incorporated  to  reduce 
surge  pressures,  and 
the  starter-pump  casing 
strength  should  be  de¬ 
termined  and  increased 
if  necessary  (page  U  ). 


ASD  COMMENT :  ASD  concurs . 

This  system  has  been  modified. 


*D  31. 


The  APU  start  accumulator 
pump  and  handle  should  be 
positioned  so  that  the 
cargo  will  not  interfere 
with  its  operation  and 
low  enough  to  allow  pump¬ 
ing  action  by  arm  and  body 
movements  (page  41  ). 


Hydraulic  fluid  quantity  could 
not  be  checked  in  flight. 


D  82. 


A  hydraulic  fluid 
quantity  indicator  or  a 
low  level  warning  system 
should  be  provided  in 
the  cockpit  (pages  7 
and  42  ) . 


ASD  COMMENT:  ASD  concurs. 
Contractor  proposal  is  under 
consideration . 

Numerous  engine  starter-pump 
units  were  replaced  due  to  internal 
wear. 

C  83.  The  engine  starter-pump 
life  should  be  improved 
(page  41  )  . 

ASD  COMMENT:  ASD  concurs. 
Latest  improvements  show 
increasing  reliability. 

The  oil  cooler  door  position 
light  illuminated  when  one  of  the 
four  doors  was  open,  instead  of  an 
annunciator  panel  indication  of  an 
out-of-sequence  condition. 


The  oil  cooler  door 
warning  should  be  in  the 
form  of  an  annunciator 
readout  to  indicate  an 
out-of-sequence  condition 
(page  7  ). 


The  maximum  wing  tilt  rate 
was  originally  lowered  to  an  un¬ 
acceptable  rate  if  one  of  the  PC  2 
pumps  failed.  The  hydraulic  sys¬ 
tem  was  modified  to  make  APU  power 
the  main  source  of  hydraulic  pres¬ 
sure  for  wing  tilt,  and  the  PC  2 
system  the  backup  system. 


*D  85. 


Maximum  wing  tilt  rate 
capability  should  be 
provided  during  all 
flight  conditions  (page 
42  ). 


The  cargo  doors  and  ramp  were 
powered  from  the  utility  hydraulic 
system,  but  no  backup  system  was 
provided. 


D  86. 


A  backup  system  should 
be  incorporated  for 
rapid  operation  of  the 
cargo  doors  and  ramp 
under  emergency  condi¬ 
tions,  and  for  ground 
operations  when  the  APU 
and  engines  are  not 
operating  and  ground 
hydraulic  power  is  not 
available  (page  42  )• 


ASD  COMMENT:  ASD  concurs. 

An  evaluation  is  being  made. 

LANDING  GEAR 

Free  fall  of  the  main  landing 
gear  was  not  always  adequate  to 
obtain  a  positive  downlock,  and 
the  landing  gear  position  indi¬ 
cation  system  was  unreliable. 

B  87.  A  positive  means  of 
obtaining  a  landing 
gear  downlock  condition 
without  applying  a  g 
load  should  be  incorpo¬ 
rated  (page  41  ) . 
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ASD  COMMENT:  ASD  concurs. 
Positive  downlock  provisions 
are  being  incorporated  on  all 
aircraft. 

C  88.  A  reliable  landing  gear 
indication  system  should 
be  incorporated  (page 
41). 

AST)  COMMENT:  ASD  concurs. 

The  system  has  been  improved. 

The  nosegear  steering  was 
activated  by  an  ON-OFF  switch  on 
the  control  stick.  It  was  seldom 
needed  since  sufficient  directional 
control  for  normal  taxi  maneuvers 
was  provided  by  differential  pro¬ 
peller  beta.  The  downwash  caused 
the  nosegear  to  turn  to  one  side 
during  hover. 

C  89.  The  nosegear  steering 
switch  should  be  modi¬ 
fied  to  provide  steering 
only  when  pressed  (page 

9  ). 

ASD  COMMENT:  ASD  concurs. 

The  contractor  has  been  re¬ 
quested  to  submit  a  proposal. 

*D  90.  The  nosegear  should  be 

designed  with  a  positive 
centering  device  so  that 
it  is  not  turned  by  the 
downwash  (page  42  ) . 


HEATING  SYSTEM 

The  heating  system  used  to 
heat  the  cockpit  and  cargo  com¬ 
partment  did  not  function  properly. 

D  91.  An  improved  heating  sys¬ 
tem  should  be  provided 
(page  43  ). 

ASD  COMMENT:  ASD  concurs. 

The  system  will  be  made  to 
operate  according  to  design 
req  ui rements  . 


AVIONICS 

The  intercommunications  sys¬ 
tem  was  too  noisy.  The  UHF  antenna 
on  the  underside  of  the  fuselage 
could  not  be  used  due  to  noise  and 
interference  which  could  not  be 
explained  or  corrected  during  the 
evaluation. 

C  92.  The  intercommunications 
noise  problem  should  be 
investigated  and  cor¬ 
rected  (page  43). 

ASD  COMMENT:  ASD  concurs. 

The  item  is  under  study. 

D  93.  The  noise  and  inter¬ 
ference  problem  associ¬ 
ated  with  use  of  the 
bottom  UHF  antenna 
should  be  investigated 
and  corrected  (page  43  ). 

ASD  COMMENT:  ASD  concurs. 

The  item  is  under  study. 

All  of  the  avionics  equipment 
was  not  available  for  evaluation. 
There  was  no  "hot  mike"  feature  in 
the  communications  system,  which 
would  have  been  useful  for  inter¬ 
phone  communication. 

*C  94.  An  A1C-18  type  "hot  mike" 
should  be  provided  (page 
8  ). 

*D  95.  The  balance  of  the  radio 
and  navigation  aids 
should  be  evaluated  as 
soon  as  practical  by  the 
test  team  (page  8  ). 

Several  instruments  and  their 
systems  were  not  installed  and 
could  not  be  evaluated.  For  ex¬ 
ample,  the  cables  for  the  radar 
altimeter  were  to  be  stowed  and 
the  system  was  not  scheduled  for 
checkout  prior  to  aircraft  delivery 
for  Category  II  testing. 

B  96.  All  instruments  planned 
for  the  XC-142A  should 
be  installed  and  func- 
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tionally  checked  prior 
to  delivery  for  Category 
II  (page  46  ). 

ASD  COMMENT:  ASD  concurs. 
Instruments  will  be  installed 
by  the  contractor  and  cali¬ 
brated  by  AFFTC. 

B  97.  The  radar  altimeter  and 
flight  director  computer 
should  be  functionally 
checked  prior  to  air¬ 
craft  delivery  for 
Category  II  (page  44  ) . 

ASD  COMMENT:  ASD  concurs. 
Instruments  will  be  installed 
by  the  contractor  and  cali¬ 
brated  by  AFFTC. 

H  AUXILIARY  POWER  UNIT  (APU) 

The  APU  would  overspeed  and 
shut  down  at  aircraft  climb  rates 
above  4000  fpm.  Effects  cf  the 
fuel  control  adjustments  to  com¬ 
pensate  for  altitude  change  could 
not  be  evaluated  due  to  the  air- 
start  restriction.  The  APU  shut 
down  several  times  during  hard 
landings,  apparently  due  to  g 
sensitivity. 

B  98.  The  APU  airstarting 

capability  and  reliabil¬ 
ity  should  be  demon¬ 
strated  throughout  the 
flight  envelope  (page  44  ) 

ASD  COMMENT:  ..SD  concurs. 
Study  of  a  new  fuel  control 
installation  is  under  way. 

D  99.  The  APU  g  loading 

sensitivity  should  be 
corrected  (page  44  ). 

ASD  COMMENT:  ASD  concurs. 
Improvements  have  been  made. 
Further  study  is  required. 

■  FLIGHT  CONTROLS 

Most  missions  could  be  com¬ 
pleted  by  using  the  beta  backup 
procedure  in  case  of  a  propeller 


governor  failure.  The  75-percent- 
minimum  propeller  speed  could  not 
always  be  attained  in  fliqht  due 
to  cold-soaking  of  the  propeller 
governor.  The  propeller  rpm 
drifted  due  to  a  null  shift  of  the 
servo  valve  rpm  output.  The  drift 
was  proportional  to  temperature. 

The  drift  at  times  was  enough  to 
prevent  obtaining  the  required 
thrust.  The  main  prooeller  beta 
control  linkage  was  affected  by  g 
loads . 

B  100.  The  propeller  controls 
should  be  modified  to 
compensate  for  tempera¬ 
ture  (pages  16  and  44). 

ASD  COMMENT:  ASD  concurs. 

The  system  has  been  modified. 

C  101.  The  main  propeller  beta 
control  system  should 
be  corrected  so  that  g 
loads  do  not  affect 
propeller  rpm  (page  45  ). 

ASD  COMMENT:  ASD  concurs. 

All  aircraft  have  been  modi¬ 
fied. 

Consistent  pitch  trim  "creep'' 
on  the  ground  before  takeoff  v;as 
attributed  to  tail  propeller 
vibration. 

C  102.  The  pitch  trim  system 
should  be  modified  so 
that  the  trim  does  not 
change  unless  actuated 
by  the  pilot  (page  45  ). 

ASD  COMMENT:  ASD  concurs. 

All  aircraft  have  been  modi¬ 
fied. 

The  engine  topping  and  collec¬ 
tive  stick  rigging  procedures  did 
net  allow  the  pilot  to  exceed 
takeoff  power  on  the  remaining  en¬ 
gines  for  recovery  if  an  engine 
failed  in  hover. 

C  1C3.  The  collective  stick  and 
engines  should  be  rigged 
so  that  takeoff  power 
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can  be  exceeded  by 
pulling  through  the 
upper  collective  gate 
if  an  engine  failure  or 
other  emergency  occurs 
during  VTOL  or  hover 
(page  33  ). 

ASD  COMMENT:  ASD  concurs. 

The  item  is  under  study. 

The  slat  warning  light  fre¬ 
quently  gave  erroneous  indications. 

B  104.  A  reliable  slat  warning 
circuit  should  be  pro¬ 
vided  (page  45  ) . 

ASD  COMMENT:  ASD  concurs. 

The  item  has  been  corrected. 

ICE  PROTECTION 

Engine  nacelle  anti-icing 
equipment  was  not  scheduled  for 
installation  on  any  of  the  five 
XC-142A  aircraft. 

C  105.  Engine  nacelle  anti¬ 
icing  and  all  ocher  ice 
protection  equipment 
should  be  installed  in 
aircraft  No.  4  or  5  for 
evaluation  during 
Category  II  (page  45  ). 

ASD  COMMENT:  ASD  concurs. 

No.  5  aircraft  will  be 
delivered  with  equipment 
required  by  the  detail 
specification.  No  4  will 
be  retrofit. 


PERSONNEL  SUBSYSTEMS 
TEST  AND  EVALUATION 

■  PROPELLER  WIND  BLAST 

Propeller  wind  blast  was  a 
hazard  to  personnel  and  equipment 
during  VTOL,  STOL,  hover,  and  high 
power  engine  ground  runups. 


Wind  blast  hazard  areas 
should  be  adequately 
defined  (page  50). 


■  NOISE 

Noise  levels  were  high  in  and 
adjacent  to  the  XC-142A  during  high 
power  operations  in  the  V/STOL 
flight  regime.  The  sound  pressure 
level  limits  in  MIL-A-8806  and 
AFSCM  160-3  were  exceeded.  The 
sound  levels  were  high  enough  to 
cause  hearing  loss  even  with  normal 
ear  protection  equipment.  Lombard- 
type  helmets  were  required  by  the 
pilots  for  noise  suppression  be¬ 
cause  the  P-1  and  P-4  type  helmets 
were  inadequate. 

C  107.  Sound  levels  in  the  air¬ 
craft  should  be  reduced 
and  all  crew,  passenger, 
and  ground  personnel 
should  be  provided  with 
suitable  ear  protection 
equipment.  The  problem 
should  be  studied  to  de¬ 
termine  the  best  methods 
for  sound  suppression  and 
allowable  exposure  limits 
(page  46 ) . 

ASD  COMMENT:  ASD  concurs. 

This  item  is  under  study. 


■  CREW  COMFORT 

Only  a  vent  system  was  used 
for  cockpit  cooling.  The  cockpit 
temperature  rose  as  high  as  35 
degrees  Fahrenheit  above  ambient 
and  hampered  the  pilots'  effective¬ 
ness  after  a  short  time. 

B  108.  "Cool  suits"  should  be 

provided  when  the  aircraft 
are  delivered  for  Category 
II  (page  50  )  . 

ASD  COMMENT:  ASD  concurs. 

Cool  suits  have  been  installed 
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*D  109.  Air-conditioning  should 
be  provided  for  crew 
effectiveness  (pages 
and  50  )  . 

No  crew  comfort  provisions 
were  made  for  items  such  as  ash¬ 
trays,  map  cases,  foot  rests,  cup 
holders,  etc. 

*D  110.  The  necessary  cross¬ 
country  and  crew  comfort 
cockpit  previsions 
specified  in  AFSCM  80-1 
(C. 2-2. 12.  .  .  )  should 
be  provided  (page  8  ). 

STATIC  ELECTRICITY 

There  was  no  permanently 
attached  static  ground  wire. 

D  111.  A  permanently  attached 

static  ground  wire  should 
be  provided  (page  46  ) . 

ASD  COMMENT:  ASD  concurs. 

Ground  wires  have  been  in¬ 
stalled. 


MANUALS 

The  original  Flight  and  Main¬ 
tenance  Manuals  were  outdated  due 
to  che  aircraft  changes  made  during 
Category  I  tests.  Cargo  loading 
information  was  not  available,  but 
would  be  required  to  properly  load 
the  aircraft  during  Category  II 
Operational  Suitability  tests. 

C  112.  The  Flight  and  Maintenance 
Manuals  should  be  updated 
(page  46 )  . 

ASD  COMMENT:  ASD  concurs. 
Manuals  will  be  revised. 

C  113.  A  limited  Cargo  Loading 

Manual  should  be  provided 
(page  46  )  . 

ASD  COMMENT:  ASD  does  not 
concur;  however,  cargo  loading 
information  and  data  will  be 
provided  to  AFFTC. 


appe n  d ix  i  mmm m 


DATA  ANALYSIS  METHODS 
AND  PLOTS 

STANDARD  ATMOSPHERE 

The  data  in  this  report  were 
not  corrected  to  standard  day  con¬ 
ditions  except  for  the  hover 
ceiling  data. 

TEST  SHAFT  HORSEPOWER 

Test  shaft  horsepower  was  de¬ 
termined  by  use  of  the  following 
equation : 

shp  =  3496  (%  rpm)  (%  torque) 

This  equation  was  determined  by 
substitution  of  15  600  rpm  (100  % 
rpm)  and  1350  ft-lb  torque  (100  % 


torque)  into  the  general  equation 
for  shaft  horsepower. 

HOVER  CEILING 

Standard  day  hover  ceiling 
data  were  calculated  from  a  CP  -  CT 
nondimensional  plot  as  outlined  in 
reference  9. 

CLIMB 

Test  rate  of  climb  was  deter¬ 
mined  by  taking  slopes  of  the  pres¬ 
sure  altitude  versus  time  curve. 
Climb  data  were  not  corrected  to 
standard  conditions,  but  the  dif¬ 
ference  between  test  day  and 
standard  day  ambient  temperatures 
is  shown  in  the  climb  performance 
plot  (figure  4,  appendix  I). 
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*  LEVEL  FLIGHT 


Level  flight  data  were  ob¬ 
tained  at  constant  altitude  by 
stabilizing  at  each  test  altitude 
and  several  indicated  airspeeds. 

Test  shaft  horsepower  was 
corrected  for  nonstabilized  con¬ 
ditions  as  follows: 

shPCorr  =  shpt  '  Ashp 
Where: 


No  other  corrections  were  made 
to  the  data,  which  are  presented 
at  test  weight  conditions. 

Although  these  methods  for 
correcting  level  flight  data  for 
nonstabilized  conditions  are  only 
approximate,  they  were  necessary 
since  engine  and  propeller  charac¬ 
teristics  were  not  fully  defined 
during  the  evaluation.  Since  these 
corrections  were  small,  the  errors 
introduced  were  assumed  to  be 
negligible. 


P 

Ashp  =1- 


(dh/dt) (Wt) 


(dV/dt) (Wt) 


32.2 


>K' 

S50 


Fuel  flow  was  corrected  for 
nonstabilized  conditions  by 
assuming  the  following  relationship: 


W, 


cckt 


(shpcorr/shpt) 


TAKEOFF  AND  LANDING  PERFORMANCE 

Fairchild  Flight  Analyzers 
were  used  to  record  the  data 
through  50  feet.  Wind  data  were 
collected,  but  wind  corrections 
were  not  applied  since  all  tests 
were  conducted  under  crosswind 
conditions  and  on  reciprccal 
headings.  No  other  corrections 
were  made. 


TABLE  XVII 
COOPER  RATINGS 


Primary 

Adjective 

Numerical 

mission 

Can  be 

rating 

rating 

Description 

accomplished 

landed 

1 

Excellent,  includes  optimum 

VOS 

yes 

Normal 

2 

Good,  pleasant  to  fly 

yes 

yes 

operation 

Satisfactory 

3 

Satisfactory^  but  with  some  milaly 
unpleasant  characteristics 

;cs 

yes 

4 

Acceptable,  but  with  un¬ 
pleasant  characteristics 

yes 

yes 

Emergency 

5 

Unacceptable  for  normal 

doubtful 

yes 

operation 

Unsatisfactory 

operation 

6 

Acceptable  for  emergency 
condition  only 

doubtful 

yes 

7 

Unacceptable  even  tor  emer- 

no 

doubtful 

gency  condition 

operation 

Unacceptable 

8 

Unacceptable  -  dangerous 

no 

no 

o 

Unacceptable  -  uncontrollable 

no 

no 

! 

No 

10 

Motions  possibly  violent 

no 

no 

Catastrophic 

enough  to  prevent  pilot 

operation 

escape 

— 

-i 
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Altitude 
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XC-142A  UfiAF  S/M  62-5923 
T64-GE-1  Engines  2FE16A3-4A  .Propellers 
Four  Engines  Four  Propellers  Operating 
Clean  Configuration. .  Test  Day. 'Conditions 
95%  Propeller  ipm  Maxi  nun..  Rated  Power 


Syobol 

Altitude  (ft) 

Gross  Weight  (lb) 

OATf,  -  0ATs  ' 

O 

,iiiQM  . 

...  .  34  500  . 

♦13. _ 

a 

4  000 

34  950 

*13 

<S  . 

.  8  .000 _  . 

...!  35  .280 

.  *14  ... 

A 

12  000 

35  550 

♦16 

NOTE:  ;Taiis  Denote  Points  Flown  In;  Opposite  Direction. 
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; .  j.  ■  I  XC4I42A;  USAf  S/N!  62-5923  t —  ; 

;  iM-GE-1.  Engines..  .2E£_16A3«44^Propeileri 

I  j'Two.  pngines  four  Propeller^.. Operating 

_ — Ctwi.ge  poMi;guration..Test.  bay_.Con^tians.. 

!.  I  . L  ...ci  =. 2h,HGb  •  1  "  i  .  : 


Syaboi  ■LAl't.‘Xft)i  Avg  GrjWt  (lb);  ;  OATt  -  OATs  f 


1  NOTE:  Dashed  lines  denote 
!  .  standard  day  .Flight 
X_J _ MannAl.  daia.  _ _ • 


l.eru.  3  Wfgjit  uffrr 

#:3«}lopprjr"  i  T.T 


Nautical  Air  Miles  per  Pound  of  Fuel  Propeller  Speed-N  (%  rpm) 


XC-142A  USAF  S/N  62-5923 
T64:-GE-1  Engines  2FS16A3s4A  Propellers 
Four  Engines »  Four  Propellers  Operating 
Cruise  Configuration  -  Test  Day  Conditions 
eg  =  21%  MGC 


..  Syrn  Alt:  .(ft)  ..Avg  G.W.  (lb)  OATt-OATs  (°C) 
O  10  000  :  34  750  +8.0 


Calibrated  Airspeed-Vc  (kt) 

Figure  9 .  Specific  Range 
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shpiW  -  Total  Engine  Shaft  Horsepower 


Symbol 


XC-142A  USAF  S/N  62-5923 
T64-GErl  Engines  2FE16A3-4A  Propellers 
Cruise  Configuration  Test  Day  Conditions 
Four  Propellers  Operating 
K'iw  -  35  000  lb 
eg  =  21%  MGC 

bol  Altitude  (ft)  Gross  Weight  (lb 


o 

6  000 

35  060 

□ 

10  000 

33  350 

10  000 

34  750 

o 

20  000 

35  830 

A 

25  000 

35  510 

No.  Engines 
2 
2 
4 
2 
4 


9ft 

JO,'  9^ 


r 


Figure  10.  shp 


True  Airspeed  at  Touchdown 


T,.  _  X5‘I42A  USAF  S/H  62*5923 
„«  “f  Engines  2FE16A5-4A  Profilers 

?irT  60‘FlapS  oky  Conditions 

our  Engines  Four  Propellers  Operating 

95%  Propeller  rnn 


SZPbo,l  Pressure  Altitude 
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34000 


0ATt  ^0ATff  _F3t  No. 


25 


35000 


36000 


60 
^  40 
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*0  40  60 

Vjc 


fG  p  -* 

0 

o  ^ 

G 

1-  4 

NOTE:  Gashed  line  denotes 
standard  day  Flight 
•Manual  data. 

( 

O 

G 

_  - - Q - - - 

O 

59000 


37000  :-800Q 

Gross  height  (Jb) 

figure  il.  Landing  Perforoance 


40000 


41000 
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XC-142A  USAF  S/N  62-5923 
T64-GE-1  Engines  2FE16A2-4A  Propellers 
35°  Wing  Incidence  60#  Flaps  Test  Day  Conditions 
Four  Engines  Four  Propellers  Operating 
951  Propeller  rpst 


Symbol  Pressure  Altitude 
0  130  ft 


0A?t  -  OAT*  Fit  No. 
0°  23*"” 


v  50 

a, 

o  j 


Vic 


♦j 

CO 

•a 

'a 

® 

CU 

U1 

u 


E 

t- 


40 


30 


O 


NOTE:  Dashed  line  denotes 


standard  day  Flight 
Manual  data. 


o 

f- 


2G01 — - - - - - 

34000  35000  36000  37000  38000  39000  40000  41000 

Gross  Weight  (lb) 

Figure  12.  Landing  Over  50  Ft  Obstacle 
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Correction  to  be  Added 
AVoc  (knots) 


XC^t^ZA:  iuSjiE*!  S/H : 


?6.4~GB-1  Engines.  2fiB16Ajte|jA  .jPr.op6llera.  1 
Four  fengin!es.»  Four.  Frope llera .  Operating : . .  i 
.Cruise  Configuration  Dasi. Conditions 


Syabol. 

O'' 


-x-i  • 


I  Altitude 

*  io  poo 

25.  .000 


AV  Method 


166.32 - 


20 

15 


10 

5 


-5 


-3.0  u - - 

120  140  160  18C  200  220  240 

Indicated  .Airspeed-Vjg  (kt) 


Figure  13  .  Airspeed  Calibration 


4*^. 


T 


J  ..  L.  .  J  JCCfl42Ai  U SAF  .S/K  62^323  ] 
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NOlk: '  sys  Limits!  LTV  Report  NoL2-f>33l0/4R<>39 

.. .  ..} _ Test  conducted  in.  cJo.se.dj  hangkr 

Force  limit  MIL;F-8765(ASG) - ^ 

For  both  cruise., and 

i  1  * 

hover 

•  -  •  —  --  - 

<?  £ 

H 

— 

, 

/ 

-  •  -  ■- 

f/ 

Gradient  limits 

AGARD.  408 - 

Gradient  limit 
MIL-H-8501A - - 


Rudder  Pedal  Position  (m.  from  trim) 
Figure  14.  Rudder  Pedal  Position  vs  Force 


Yaw  Angular  Differential 

Displacement  Aileron  Maximum  Yaw  Rate 


|  t  Rudder,  i  j  A vg  Diff  Prop 

ng.  Stick  Collective  '  .Pedal  iLat,  Stick'  Blade  Angle 

Position  i  Position  I  Position  iPosition  (deg)  Angle  of  Bank 

(in.)  !  (in.)  i  (in.).  (in.)  112.  .3  §.  4  (deg)  . 


XC-142A  USAF  S/N  62-5923 
Hover  Configuration 

Symbol  Flight  Np.  Avg  Gr  Kt  (lb)  Avg  eg  (%  MGC)  Alt  (ft) 
C  33  33  930  1  9.1  450 

□  32  34  030  19.1  450 

NOTE;  Pitch,  Roll,  and  Yaw  SAS:  ON 
Altitude  Damper:  OFF 


Indicated  Airspeed  (kt) 

Figure  16.  Control  Positions  in  Sideward  Plight 


88 


90 


"7" mie  i  seconds , 


i 


O 

ej-’-fyn 


95 


'■  iiti;'i<i., ;  ii*i  ii  feijufciiiiiiiiMBiiliii  i  ad  iiaiiiii  toWl  I 


26 


/‘Pip  ccn  ser-si  o  // 


GENERAL  AIRCRAFT  INFORMATION 


A  WEIGHT  AND  BALANCE 


XC-142A  USAF  S/N  62-5923; 


Empty  weight  (including 
unusable  fuel  and  oil) 
Crew  (pilot  and  copilot) 
Test  xnc  trumentation 
Empty  water  ballast 
tanks 

Trapped  water  ballast 
"Permanent"  ballast 

Dry  weight 
Center  of  gravity 


24 

125 

lb 

400 

lb 

2 

427 

lb 

2 

670 

lb 

475 

lb 

229 

lb 

30 

326 

lb 

23. 

.45  ; 

pet 

MGC 


■  AIRCRAFT  FLIGHTS  LIMITS5 


Gross  Weight; 

Maximum  takeoff 
Maximum  landing 

Ceneer  of  Gravity  (Wing  Down) : 

Forward 

Aft 


41  500  lb 
37  474  lb 


21  percent  MGC 
21  percent  MGC 


Note: 

The  limits  were 
near  the  end  of 
MGC  forward  and 


increased  by  the  contractor 
this  evaluation  to  17  percent 
28  percent  MGC  aft. 


Load  Factor: 


Symmetrical 

Unsymmetrical 


0  to  +2.0  g 
±1  g 


Airspeed  and  Altitude: 

Vmax  =  245  KEAS  (80  percent  limit  load  factor) 

Lending  gear  extension  170  KIAS 

Landing  gear  retraction  140  KIAS 


These  limits  were  set  by  the  controetor  for  the  MPP  tests, 
based  on  their  flight  envelope  at  that  time*  These  were  not 
the  aircraft  design  limits. 


10 

deg 

185 

KEAS 

20 

deg 

170 

KEAS 

30 

deg 

150 

KEAS 

40 

deg 

140 

KEAS 

60 

deg 

72 

KEAS 

Flaps 


Wing  above  zero  degrees 
Wing  unlocked 

Tail  propeller  clutch/deciutch 
Cargo  door  (do  not  operate  in-flight) 
Maximum  altitude 
Maximum  rearward  velocity  (VTOL) 

Maximum  sideward  velocity  (VTOL) 

Landing: 

Maximum  wing  angle  for  takeoff  or  landing 
Maximum  crosswind  component 
Maximum  touchdown  rate  of  sink 

Taxi: 

Minimum  wing  angle 


140  KEAS 
170  KEAS 
110  to  150  KEAS 

25  000  feet 
10  KTAS 
10  KTAS 


25  deg 
10  KTAS 

10  tps  at  37  474  lb 


j-0  deg 


B  AIRCRAFT  DIMENSIONAL  DATA 

This  data  was  taken  from  reference  3. 
Wing: 

Total  wing  area 
Span 

Aspect  ratio 
Taper  ratio 

Sweepback  of  1/4  chord 

Dihedral  angle  (root  chord  at  B.L.  =  0  to 
tip  chord) 

Geometric  twist 
Root  chord 
Tip  chord 

Mem  geometric  chord 
Length 

Spanwise  location  from  B.L.  =  0 
Location  of  leading  edge  from  nose 
of  fuselage 
Airfoil  section 


534.37  sq  ft 
67.55  ft 
8.53 
0.61 

4.13  deg 
-2.12  deg 

0.0 

9.83  ft 
6.0  ft 

8.072  ft 
15.51  ft 
235.47  in. 


NACA  63-318 


Leading  Edge  Slats: 

Spanwise  location  (percent  semispan) 
Inboard 
Root 
Tip 

Outboard 

Root 

Tio 


44.98 

68.90 

87.39 

97.84 
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Area  (square  feet) 
Inboard  (each) 
Outboard  (each) 


10.34 

2.56 


Trailing  Edge  Flaps : 


Type 

Flap  span  (percent  wing  semispan) 

Inboard 

Root 

Tip 

Center 

Root 

Tip 

Outboard 

Root 

Tip 

Flap  chord,  in  flap  chord  plane 
(percent  wing  chord) 

Flap  area,  in  flap  chord  plane  (square  feet) 
Inboard  (one  side) 

Center,  including  aileron  (one  side) 
Outboard,  including  aileron  (one  side) 
Total  (one  side) 

Maximum  deflection 


Double  Slotted 


15.43 

35.74 

43.60 

78.25 

86.08 

98.92 

33.0 


19.09 
29.00 
9.10 
57.19 
60  deg 


Ailerons: 


Type 

Spanwise  location  (percent  semispan) 

Center 

Root 

Tip 

Outboard 

Root 

Tip 

Area  aft  of  aileron  hinge  line  (square  feet) 
Center  (per  side) 

Outboard  (per  side) 

Total  (per  side) 

Maximum  deflection  (per  side) 

Cruise 

Hover 

Transition:  deflection  programed  with 
wing  incidence. 

Down  aileron  deflection  +  flap 
deflection 

Up  aileron  deflection 


Plain 


43.30 

78.40 


86.03 

99.61 

22.28 

7.11 

29.39 

+17.5  deg 
+50.0  deg 


60  deg 
50  deg 


Horizontal  Stabilizer: 


Type 

Total  horizontal  stabilizer 
Span 

Aspect  ratio 
Taper  ratio 


All  Moving  Unit  Hor.  Tail 
163.5  sq  ft 
31.14  ft 
5.93 
0.5 


12.66  deg 

0.0 


Sweepback  of  1/4  chord 

Dihedral  angle  (root  chord  at  B.L.  =  0  to 
tip  chord) 


Geometric  twist 

0.0  deg 

Root  chord 

7.0  ft 

Tip  chord 

3.5  ft 

Mean  geometric  chord 

Length 

5.44  ft 

Spanwise  location  from  B.L.  =  0 

6.92  ft 

Fuselage  station  of  leading  edge 

549.67 

Maximum  deflection,  cruise 

Leading  edge  up 

5.0 

Leading  edge  down 

9.0 

Maximum  deflection,  transition,  static 

(deg) 

Leading  edge  up 

39.0 

Leading  edge  down 

9.0 

Airfoil  section 

Root 

NACA  0015 

Tip 

NACA  ^012 

Vertical  Tail: 

Area  (including  rudder) 

130.0  sq 

Span 

15.625  ft 

Aspect  ratio 

1.88 

Taper  ratio 

.25 

Sweepback  of  1/4  chord 

26.0  deg 

Root  chord 

13.32 

Tip  chord 

3.33 

Mean  geometric  chord 

Length 

9.33  ft 

Spanwise  location  from  K.L.  100 

10.21  ft 

Fuselage  station  of  leading  edge 

498. C 

Air  foil  section 

Root 

NACA  0018 

Tip 

NACA  0012 

Rudder: 

Type 

Plain 

Spanwise  location  (percent  vertical  tail  span) 

Root 

41.6 

Tip 

100.0 

Chord  (percent  vertical  tail  chord) 

Root 

40 

Tip 

40 

Mean  geometric  chord 

2.68  ft 

Area,  aft  of  hinge  line 

22.82  sq 

Maximum  deflection 

+30  deg 

Fuselage: 

Length 

50. C  ft 

Maximum  height 

10.38  ft 

Maximum  width 

9.25  ft 

1IS 


Maximum  cross-sectional  area 

Main  Propellers: 

Designation 
Number  of  blades 
Diameter 

Activity  factor  per  blade 
Integrated  design  lift  coefficient 
Area  'per  propeller) 

Tail  Propeller: 

Designation 
Number  of  blades 
Diameter 

Activity  factor  per  blade 
Integrated  design  lift  coefficient 

Wetted  Area; 

Fuselage 
Nacelles ,  four 
Wing,  total 
Vertical  tail 
Horizontal  tail 
Miscellaneous 
Total 


92.0  sq  ft 


2FE16A3-4A  and  2FE16A4-4A 
4 

15.625  ft 

86.0 

0.475 

191.75  sq  ft 


1FA9A4-10A 

3 

S.167  ft 
145 
0 


1652  sq  ft 
446  so  ft 
772  sq  ft 
222  sq  ft 
320  sq  ft 
85  sq  ft 
3447 


APPENDIX  III  ;• 

TEST  DATA  CORRECTED 
FOR  INSTRUMENT  ERROR 


US  £ 

.f 


<J»  UU-TOS- <t«< HU- 'flV'HV **»  •**«*  <«  " 


XC-M2A 

USAF  V'\  62-5923 


TLVf 


5/VTD 


XC- M2* 

USAF  S/\  m2- $025 


TAKrorr 


mo  t  Vo.  zs  Rut  S’ 
Date  3 1  MA  *  LS 
Pressure  Mtttttit  /zj  F 
Ter>n<raturt 


50  Ft 

■s~o  y 


/3,  z 


Cross  »ettSt  37  y  fo 


* tr . 

NHd  2  7  Kt  at _ ?£ 

Decrees  fron  Vote 
NiAf  Incidence  jr 
Flan  Position  Jfp 


tist  TnKforr 


Flight  Vo.  2  S'  <un _ 7 

C*te  J/  MAP  Cs~ 
Pressure  Altitude  J2.J-  F 
Tcmeraturc 


*  10/ IT* 
Wr_#-/ 


Kt 


SO  Ft 

__±Z_£ _ 


/♦  6 


Cross  weight  3 S’ 410 


Snd  z  3 _ Kt  at 

Pegr***  fron  Nose 
Nint  Incidence 
riai  Portion 


30 


XC-142/. 

USAF  V/V  62-5923 


It  ST  TfiKCOPf 


XC-M2A 

USAF  \/V  62-S923 


FlitNt  No.  2. S'  Run, 
Hate  3/  MAR  Cf 


Degrees  fron  Nose 
vine  Incidence  33" 

flan  rot  it  ion  30 


FlitM  No.  2S  Bun 
fate  3 /  MAR  CS- 
Pressure  Altitude  /3C 
Tenfterature  !4.8 

toots  fceitht  3+8  70 


—  U/TI>  Sf»  Ft 

\‘tT  3S  7  Kt  48  8  Kt 

Kind  .z  fl  Ft  at  80* 
Degree*  froo  No*e 
*lng  Incidence  33"  Per 

TMn  Position  30  Pef 
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PATE:  JX/Tf** 
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